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Montana  DNRC  Inspection  Report,   December  5,  1980. 


EXECUTIVE  SUMMARY 


Personnel  of  HKM  Associates,  under  a  contract  with  the 
Montana  Department  of  Natural  Resources  and  Conservation 
(DNRC),   and  with  representation  from  the  Montana  DNRC  and 
the  Petrolia  Water  Users'  Association,   inspected  Petrolia 
Dam  on  September  26,   1979.     The  inspection  and  evaluation 
was  performed  under  the  authority  of  Public  Law  92-367. 
Petrolia  Dam  is  located  on  Flatwillow  Creek,   approximately  7 
miles  southeast  of  Winnett,  Petroleum  County,  Montana.  A 
contract  for  dam  construction  was  awarded  in  June  19  50,  and 
the  work  was  completed  in  August  1951. 

FINDINGS  AND  EVALUATION 

Petrolia  Reservoir  stores  runoff  from  a  total  drainage  area 
of  612  square  miles.     There  is  one  other  major  storage 
project  in  the  watershed,   and  that  is  Yellow  Water  Reservoir 
(storage  to  first  overtopping  elevation  of  7700  acre-feet 
(AF)).     The  Yellow  Water  Storage  Project  is  located  approxi- 
mately 13  miles  upstream  of  Petrolia  Reservoir,  and  has  a 
contributory  watershed  of  55  square  miles. 

The  Petrolia  Storage  Project  is  multi-purpose  in  nature  as 
the  stored  water  is  used  for  irrigation  and  occasionally  for 
recreation.     Also,  storage  is  provided  for  sediment  accumu- 
lation and  floodwater  detention.     Active  reservoir  capacity 
to  the  spillway  crest  is  9192  AF,   with  370  AF  assigned  to 
dead  storage.     Total  storage  capacity  to  first  overtopping 
dam  crest  elevation  (111.4  feet,   local  datum)   is  14,170  AF. 
The  dam  has  a  hydraulic  height  of  59  feet.     On  the  basis  of 
criteria  in  the  U.  S.  Army  Corps  of  Engineers  Recommended 
Guidelines  for  Safety  Inspection  of  Dams   (Ref.   1),  the 
project  is  intermediate  in  size.     There  are  a  sufficient 
number  of  inhabitable  structures  in  the  downstream  flood 
plain  that  a  dam  failure  could  endanger  many  lives  and  cause 
extensive  property  damage.     The  downstream  hazard  potential 
is  therefore  high  (Category  1).     However,   no  dam  breach 
analysis  or  routing  of  a  dam  breach  flood  was  made  for  the 
downstream  area  and  the  conclusions  on  probable  damage  are 
based  on  a  brief  field  inspection  and  engineering  judgment. 

The  guidelines  recommend  that  the  spillway  design  flood 
(SDF)   for  an  intermediate-size,  high  downstream  hazard 
potential  dam  be  the  Probable  Maximum  Flood   (PMF).     The  PMF 
is  the  flood  expected  from  the  most  severe  combination  of 
meteorologic  and  hydrologic  conditions  that  are  reasonably 
possible  in  the  region.     Routing  of  the  estimated  PMF  (excluding 
any  runoff  contributions  upstream  of  the  Yellow  V7ater  Storage 
Project)   developed  for  the  safety  evaluation  of  Petrolia  Dam 
showed  that  the  dam  is  capable  of  controlling  a  flood 
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having  ordinates  approximately  equal  to  2  percent  of  the  PMF 
hydrograph  ordinates.     The  embankment  materials  are  classified 
as  being  moderately  erodible  and  can  be  expected  to  remain 
stable  only  for  a  short  period  of  time  under  an  overtopping 
condition.     A  flood  event  greater  than  2  percent  of  the  PMF 
ordinates  results  in  overtopping  and  failure  of  the  dam. 
Also,  a  breach  of  the  Yellow  Water  Storage  Project  could 
induce  failure  of  Petrolia  Dam. 

Several  seepage  areas  were  identified  during  the  field 
investigation,   and  others  reviewed  as  reported  in  previous 
inspection  reports.     None  of  the  seepage  areas  examined 
suggest  that  a  critical  condition  exists.     However,  the 
inspection  took  place  during  a  low  pool  period.  Monitoring 
of  these  seepage  areas  is  required  during  periods  of  sus- 
tained high  reservoir  pool   levels.     The  embankment  shows  no 
signs  of  instability;  however,   there  is  insufficient  infor- 
mation presently  available  to  fully  evaluate  stability. 

A  comparison  of  report  findings  with  inspection  guidelines 
shows  Petrolia  Dam  to  have  insufficient  storage  and/or 
spillway  discharge  capacity  to  safely  handle  one-half  of  the 
PMF  and  therefore  the  spillway  is  seriously  inadequate  and 
the  dam  is  considered  unsafe. 

RECOMMENDATIONS 

Immediately  develop,   implement,  and  test  a  downstream  warning 
plan.     Consolidate  the  Petrolia  warning  plan  with  the  plan 
developed  for  the  Yellow  Water  Storage  Project.   Perform  the 
recommended  studies  and  repairs  to  bring  the  spillway  and 
outlet  works  into  conformance  with  inspection  guidelines. 
Repair  and  replace  the  riprap  on  the  upstream  face  of  the 
dam,   in  the  outlet  works  stilling  basin,  and  in  the  spillway 
stilling  basin.     Using  suitable  material,   fill  and  properly 
compact  all  depressions  along  the  dam  crest.  Install 
additional  piezometers  and  establish  a  regular  monitoring 
program  to  evaluate  underseepage  and  abutment  seepage, 
with  special  emphasis  during  periods  of  high  reservoir 
levels.     Repair  the  erosion  gullies  on  the  downstream  dam 
embankment  face . 

Conduct  more  detailed  hydrologic  and  hydraulic  routing  studies 
to  better  determine  the  downstream  hazard  and  required  spill- 
way capacity.     Take  into  account  the  upstream  Yellow  Water 
Reservoir  in  the  studies.     Conduct  geotechnical  engineering 
studies  to  evaluate  embankment  stability  and  void  spaces 
below  the  spillway  floor.     Modify  the  project  as  studies 
indicate . 


Monitor  the  bank  erosion  and  sloughing  on  the  left  stilling 
basin  wall  of  the  spillway  and  perform  the  necessary  rehabil- 
itation.    Determine  whether  the  spillway  crest  cutoff  wall 
contacts  bedrock  and  if  water  can  pass  under  the  cutoff. 
Conduct  periodic  inspections  of  the  project  at  5-year 
intervals  by  engineers  experienced  in  dam  design  and  con- 
struction.    Develop  and  implement  a  periodic  maintenance 
plan  for  the  dam  and  appurtenant  structures. 

Prior  to  performing  engineering  studies  and  remedial  con- 
struction,  the  project  operator  should  coordinate  the  work 
with  the  Montana  DNRC,   Dam  Safety  Section,   to  insure  com- 
pliance with  all  pertinent  laws  and  regulations.  ^rf«<«wfini 

'  ^^#^:'  >-> 


:hael  D.  Keefie , 


Michael  D.   Keene ,   P^^|  MICHAEL  D. 

KEENE 
419/  E 
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PERTINENT  DATA  SUMMARY 


General 


Federal  ID  Number 
Landowner  and  Project 
Administrator 

Operator 


Purpose 


Location 
County,  State 

V7atershed 

Hazard  Potential 

Reservoir 

Surface  Area  at  Spillway 
Crest  Elevation 
102.0  feet 

Dead  Storage  to  Elevation 
70.0  feet 

Active  Storage  to  Spillway 
Crest  Elevation  102.0 
feet 

Active  Storage  to  First 
Overtopping  Dam  Crest 
Elevation   111.4  feet 

Total  Storage  to  First 
Overtopping  Dam  Crest 
Elevation  111.4  feet 

Active  Storage  to  Dam 

Crest  Control  Elevation 
112.0  feet 

Total  Drainage  Area 

Drainage  Area  Excluding 
Yellow  Water  Reservoir 
Drainage  Basin 


MT  00008 

Montana  Department  of  Natural 
Resources  and  Conservation 

Petrolia  Water  Users' 
Association 

Primarily  irrigation,  with 
some  recreation,  sedimentation, 
and  flood  control 

Sections  25  &  36,  T14N,  R27E,  MPM 
Petroleum  County,  Montana 

Flatwillow  Creek  (tributary  to 
the  Musselshell  River) 
Category  1  (High) 


515  acres 


370  acre-feet 


9192  acre-feet 


13,800  acre-feet 

14,170  acre-feet 

13,966  acre-feet 
612  square  miles 

557  square  miles 


IV 


V 


PERTINENT  DATA  SUMMARY 
( Continued ) 


Reservoir  Water  Surface 
Elevation  on  the  Day 
of  the  Inspection 

Spil Iway 

Crest  Elevation 
Type 

Crest  Width 

Chute  Width 

Spillway  Capacity 

(to  First  Overtopping 
Dam  Crest  Elevation 
111.4  feet) 


94.4  feet 


102.0  feet 

Ogee  crest  with  concrete  chute 
100  feet 
100  feet 


10,200  cfs 


Outlet  Works 


Gates 


Control 
Conduit 


Capacity 

To  Spillway  Crest 
To  First  Overtopping 

Dam  Crest  Elevation 

111.4  feet 


One  60-inch  x  60-inch  slidegate 
valve,  two  60-inch  diameter  slide- 
gate  valves,  and  one  30-inch 
diameter  slidegate  valve 
Manual  operators 

330  feet  of  60-inch  diameter  con- 
crete pipe  and  105  feet  of  30-inch 
diameter  concrete  pipe 

425  cfs 


470  cfs 


5. 


Dam 


Type 

Structural  Height 
Hydraulic  Height 
Design  Crest  Control 

Elevation 
Existing  First  Over- 
topping Dam  Crest 
Elevation 
Total  Crest  Length 
Dam 
Dike 

Spillway 
Design  Crest  Width 
Existing  Crest  Width 
Upstream  Slope 
Downstream  Slope 


Zoned  earth  fill 
76  feet 
59  feet 

112.0  feet 


111.4  feet 
3635  feet 
961  feet 
2574  feet 
100  feet 
20.5  feet 
Variable : 
IV  on  4H, 
IV  on  2H 


12  to  17 
IV  on  3H, 


feet 

IV  on  2H 


Note:     All  project  elevations  are  relative  to  a  local  survey  datum 
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CHAPTER  1 
BACKGROUND 


1.1  INTRODUCTION 
1.1.1  Authority 

This  report  summarizes  the  Phase  I  inspection  and  evaluation 
of  Petrolia  Dam.     The  project  is  owned  and  administered  by 
the  Montana  Department  of  Natural  Resources  and  Conservation 
(DNRC),  and  operated  and  maintained  by  the  Petrolia  Water 
Users'  Association.     Reservoir  lands  are  deeded  to  the  State 
of  Montana . 

The  National  Dam  Inspection  Act,   Public  Law  92-367  dated 
August  8,   1972,  authorized  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers,  to  conduct  safety  inspections  of 
non-federal  dams  throughout  the  United  States.     Pursuant  to 
that  authority,  the  Chief  of  Engineers  issued  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  in  Appendix  D, 
Volume  1  of  the  U.S.  Army  Corps  of  Engineers'  Report  to  the 
United  States  Congress  on  "National  Program  of  Inspection  of 
Dams"  in  May  1975. 

The  recommended  guidelines  were  prepared  with  the  help  of 
engineers  and  scientists • highly  experienced  in  dam  safety 
from  many  federal  and  state  agencies,  professional  engi- 
neering organizations  and  private  engineering  consulting 
firms.     Consequently,  the  evaluation  criteria  presented  in 
the  guidelines  represent  the  comprehensive  consensus  of  the 
engineering  community. 

Where  necessary  the  guidelines  recommend  a  two-phased  study 
procedure  for  investigating  and  evaluating  existing  dam 
conditions  so  deficiencies  and  hazardous  conditions  can  be 
readily  identified  and  corrected.     The  Phase  I  study  is: 

(1)  a  limited  investigation  to  assess  the  general 
safety  condition  of  the  dam 

(2)  based  upon  an  evaluation  of  the  available  data 
and  a  visual  inspection 

(3)  performed  to  determine  if  any  needed  emergency 
measures  and/or  if  additional  studies,  investigations 
and  analyses  are  necessary  or  warranted 
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(4)  not  intended 
analysis  or  to  provide 
recommendations . 


to  include  extensive 
detailed  alternative 


explorations , 
correction 


The  Phase  II  investigation  includes  all  additional  studies 
necessary  to  evaluate  the  safety  of  the  dam.     Included  in 
Phase  II,  as  required,   should  be  additional  visual  inspections, 
measurements,  foundation  exploration  and  testing,  material 
testing,  hydraulic  and  hydrologic  analyses  and  structural 
stability  analyses. 

The  authority  for  the  Corps  of  Engineers  to  participate  in 
the  inspection  of  non-federal ly  owned  dams  is  limited  to 
Phase  I  investigations  with  the  exception  of  situations  of 
extreme  emergency.     In  these  cases  the  Corps  may  proceed 
with  Phase  II  studies  but  only  to  the  extent  needed  to 
answer  serious  questions  relating  to  dam  safety  that  cannot 
be  answered  otherwise.     The  two  phases  of  investigations 
outlined  above  are  intended  only  to  evaluate  project  safety 
and  do  not  encompass  in  scope  the  engineering  required  to 
perform  design  or  corrective  modification  work.  Recommen- 
dations contained  in  this  report  may  be  for  either  Phase  II 
safety  analyses  or  detailed  design  study  for  corrective 
work. 

The  responsibility  for  implementation  of  these  Phase  I 
recommendations  rests  with  the  State  of  Montana,  Department 
of  Natural  Resources  and  Conservation.     The  operator  is 
urged  to  contact  the  Montana  DNRC  prior  to  taking  any  action 
on  report  recommendations.     It  should  be  noted  that  nothing 
contained  in  the  National  Dam  Inspection  Act,  and  action  or 
failure  to  act  under  this  Act,   shall  be  construed   (1)  to 
create  liability  in  the  United  States  or  its  officers  or 
employees  for  the  recovery  of  damage  caused  by  such  action 
or  failure  to  act  or   (2)  to  relieve  an  owner  or  operator  of 
a  dam  of  the  legal  duties,  obligations,  or  liabilities 
incident  to  the  ownership  or  operation  of  the  dam. 

The  investigation  process  allows  for  report  review  by  the 
Montana  DNRC   (project  owner/administrator)  and  the  Petrolia 
Water  Users'  Association  (project  operator).     Review  comments 
are  considered  before  final  publication  of  the  Phase  1 
Inspection  Report   (See  Appendix  F) . 

1.1.2     Purpose  and  Inspection 

The  findings  and  recommendations  in  this  report  were  based 
on  visual  inspection  of  the  project,  minimal  field  survey 
measurements,  and  a  review  of  available  design  and  operation 
data.     The  purpose  of  the  inspection  was  to  make  a  general 
assessment  as  to  the  structural  integrity  and  operational 
adequacy  of  the  dam  embankment  and  its  appurtenant  structures. 


-2- 


Inspection  procedures  and  criteria  were  those  established  by 
the  Recommended  Guidelines  for  Safety  Inspection  of  Dams 
(Ref .   1 ) . 

The  visual  inspection  of  Petrolia  Dam  was  made  on  September 
26,   1979.     HKM  Associates  personnel  who  attended  the  field 
inspection  and  contributed  to  this  report  were: 
Dan  Dyer,  Geotechnical  Engineer 
Mike  Keene,  Hydraulics /Hydro logy.   Team  Leader 
Dan  Nebel,  Geology 

The  project  was  also  inspected  by  Mr.  Al  Kersich  (HKM 
Engineer  and  Principal-in-Charge )  on  September  30,  1979. 

Other  HKM  personnel  contributing  to  the  report  but  not 
attending  a  field  inspection  were: 

Dale  R.  Cunnington,  Structural  Engineer 

Gary  Elv/ell,   Hydraul ics /Hydrology 

Other  personnel  present  during  the  September  26,   1979  inspec- 
tion included: 

Glen  McDonald,   Supervisor,  Montana  DNRC,   Dam  Safety 
Section 

Art  Taylor,   Dam  Safety  Engineer,  Montana  DNRC,  Dam 

Safety  Section 
Jerry  Bohn,  Board  Member  -  Petrolia  Water  Users' 

Association 
Bill  Solf,  Board  Member  -  Petrolia  Water 

Users'  Association 
Kenneth  Welter,  Board  Member  -  Petrolia  Water 

Users '  Association 

Inspections  of  Petrolia  Dam  have  historically  been  performed 
by  the  Montana  DNRC,   with  an  occasional  inspection  by  the 
Soil  Conservation  Service   (SCS),     One  or  several  representa- 
tives of  the  Petrolia  VJater  Users'   Association  are  generally 
present  during  the  inspections   (Ref.  13). 

1.2     DESCRIPTION  OF   PROJECT  - 

1.2.1  General 

Petrolia  Dam  is  a  zoned  earth  fill  dam  located  in  the 

Sh  of  Section  25  and  NJ^  of  Section  36,   T14N,   R27E,  M.P.M., 

Petroleum  County,   Montana   (Appendix  A  and  Ref.   2,   3,   4,  5). 

The  dam  and  reservoir  form  a  multi-purpose  facility  within 
the  Missouri  River  Basin  by  containing  the  flows  of  Flatwillow 
Creek  and  Yellow  VJater  Creek.     Petrolia  water  is  either 
released  into  an  irrigation  distribution  system  or  returned 
directly  to  Flatwi.llow  Creek.     Flatwillow  Creek  travels 
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another  16  miles  before  joining  the  Musselshell  River  (Appen- 
dix B  and  Ref.   6).     The  nearest  downstream  community  is 
Mosby,   Montana,   which  is  located  on  the  east  bank  of  the 
Musselshell  River  approximately  21  miles  northeast  of  the 
dam.     There  are  several  farms/ranches  located  in  the  flood 
plain  of  Flatwillow  Creek  and  the  Musselshell  River. 

The  dam  is  constructed  on  property  deeded  to  the  State  of 
Montana,  with  a  total  of  515  acres  deeded  for  the  reservoir 
pool  right-of-way.     The  Petrolia  Water  Users'  Association 
operates  and  maintains  the  project.     The  State  of  Montana 
administers  the  project,  and  provides  technical  and  financial 
assistance   (Ref.   5,  7). 

Petrolia  Dam  has  a  hydraulic  height  of  59  feet  and  impounds 
13,800  AF   (active  storage  only)   at  the  first  overtopping  dam 
crest  elevation   (111.4  feet).     Based  on  a  visual  reconnaissance 
and  engineering  judgment,  approximately  3  farms/ranches,  as 
well  as  private  roads,  bridges,   irrigation  distribution 
systems,  and  agricultural  land  will  be  affected  by  a  sudden 
breach  of  the  dam.     On  the  basis  of  this  information  and  in 
accordance  with  the  Recommended  Guidelines   (Ref.   1),  the 
project  is  classified  intermediate  in  size  and  the  downstream 
hazard  potential  is  high   (Category  1). 

Petrolia  Dam  was  constructed  primarily  to  provide  storage 
and  regulation  in  support  of  irrigation  practices.  Inci- 
dental capacity  is  provided  for  sediment  accumulation  and 
floodwater  detention.     Some  recreational  benefits  have  also 
been  associated  with  the  Petrolia  project.     Project  designers 
assigned  370  AF  to  dead  storage.     Active  storage  to  the 
normal  pool   level,   or  the  spillway  crest   (elevation  102.0 
feet),   is  9192  AF   (Ref.   4,   5).     An  additional  4608  AF  are 
available  for  flood  surcharge  storage  between  the  spillway 
crest  and  the  first  overtopping  dam  crest  elevation. 

Petrolia  Dam  has  a  total  upstream  contributory  drainage  area 
of  612  square  miles.     A  small  portion  of  the  total  watershed 
is  controlled  by  Yellow  Water  Reservoir;   in  particular,  the 
Yellow  Water  Storage  Project  controls  runoff  from  a  55- 
square  mile  drainage  basin.     (Yellow  Water  Reservoir  is 
located  approximately  13  stream  miles  upstream  of  Petrolia 
Dam  on  Yellow  Water  Creek) .     The  Petrolia  watershed  is 
characterized  by  both  mountainous  and  prairie  drainages. 
Elevations  in  the  basin  range  from  8730  feet  msl  at  Greathouse 
Peak  in  the  Snowy  Mountains  to  about  290  0  feet  msl  at  the 
reservoir  (Ref.   2,   6).     The  reservoir  is  located  in  open 
country  with  some  scattering  of  large  cottonwood  trees  along 
the  river  bottom.     The  terrain  bordering  the  reservoir  is 
generally  flat  to  gently  rolling   (Photo  1  of  Appendix  C) . 
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1.2.2     Regional  Geology 


Petrolia  Dam  is  situated  in  the  Great  Plains  province  on 
Flatwillow  Creek  in  central  Montana.     Local  topography  con- 
sists of  high  buttes  and  broad  undulating  plains  broken  by 
numerous  gullies  and  valleys.     Structurally,   the  dam  is 
located  near  the  axis  of  a  broad  anticline  in  a  transition 
area  between  two  large  structural  provinces:     the  Blood 
Creek  syncline-Cat  Creek  anticline  to  the  north  and  east, 
and  the  Snowy  Mountain  uplift  to  the  west.     The  strata  in 
the  area  dip  gently  to  the  east  with  the  Eagle  Sandstone 
forming  caprock  escarpments  on  the  surrounding  buttes  and 
soft  shale  beds  of  the  Colorado  group  forming  the  lower 
slopes  and  surrounding  plains.     No  faults  were  noted  in  the 
area  and  none  have  been  noted  by  previous  investigators. 

1.2.3  Seismicity 

Petrolia  Dam  is  in  a  relatively  quiet  seismic  zone  with  the 
majority  of  the  region's  seismic  events  occurring  in  the 
southwestern  Montana- Yel lowstone  Park  area.     Since  1925, 
Montana  has  experienced  five  shocks  that  reached  intensity 
VIII  or  greater   (Modified  Mercalli  Scale).     The  closest 
epicenter  occurred  at  Helena,  Montana  which  is  approximately 
180  miles  west  of  the  damsite.     No  shocks  of  intensity  IV  or 
greater  have  been  reported  within  a  100-mile  radius  of  the 
site   (as  of  January,   1974).     The  dam  is  located  in  Zone  1  of 
the  Seismic  Zone  Map  of  the  Contiguous  States   (Ref.  1) 
which  is  based  on  known  distribution  of  damaging  earthquakes 
and  their  associated  intensities.     The  potential  for  earth- 
quake damage  in  Zone  1  is  minor  and  in  general,  dams  in 
seismic  Zone  1  may  be  assumed  to  present  no  hazard  from 
earthquakes  provided  static  stability  conditions  are  satisfactory 
and  conventional  safety  margins  exist   (Ref.   1,  8). 

1.2.4     Site  Geology 

No  drill  hole  information  is  available  for  the  site;  hence, 
information  from  surficial  interpretation  is  used  to  develop 
this  section. 

The  reservoir  basin  is  formed  in  a  sandy  shale  sequence  with 
5  to  10-foot  sandstone  beds  forming  ledges  throughout  the 
area.     The  valley  section  consists  of  alluvial  deposits  of 
sandy  gravel  which  are  estimated  to  be  20  feet  or  less  in 
depth.     No  large  areas  of  slope  instability  were  noted  in 
the  reservoir  basin,  which  is  generally  expected  because  of 
the  gentle  slopes  in  the  basin. 
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1.2.5  Sedimentation 


The  catchment  area  above  Petrol ia  Reservoir  consists  pri- 
marily of  natural  grass-covered  range  land,   subirrigated  and 
irrigated   lands,   and  dense  forest  cover  in  the  mountain 
areas.     Siltation  did  not  appear  to  be  a  critical  factor  in 
the  original  design,  with  a  total  allocation  of  370  AF  to 
dead  storage.     There  have  been  no  sediment  studies  performed 
at  Petrolia  Reservoir  or  in  the  upstream  watershed.  Field 
investigations  and  operation  and  maintenance  reporting  have 
not  indicated  major  concerns  or  problems  relative  to  sedimentation. 

1.2.6  Design  and  Construction  History 

The  Petrolia  Storage  Project  was  designed  and  constructed  by 
the  Montana  State  Water  Conservation  Board   (SWCB).  Con- 
struction was  financed  with  SWCB  funds.     The  eventual  project 
operator,   Petrolia  Water  Users'  Association,  was  incorporated 
on  April  21,   1950  for  a  period  of  forty  years.     The  construc- 
tion contract  for  Petrolia  Dam  was  awarded  to  Haggerty  and 
Messmer  on  June  1,   1950,  with  project  completion  dated 
August  2,   1951   (Ref.  9).     The  first  water  was  released  into 
the  irrigation  ditches  in  1952. 

Some  soil  sampling  and  testing  was  accomplished  on  the 
Petrolia  Storage  Project.     Tests  included:  moisture-density 
relationships,  specific  gravity,  grain-size  distribution, 
and  permeability.     These  tests  were  performed  to  establish 
physical  and  engineering  properties  of  the  on-site  soils. 
The  moisture-density  relationships  were  performed  to  establish 
a  basis  for  density  control,  but  it  is  not  known  if  a  design 
density  was  selected  or  whether  density  control  tests  were 
performed  during  construction  (Ref.   10,  11). 

Since  completion  of  the  original  construction  work,  the 
Montana  DNRC  and  the  local  water  users'   assocation  have 
performed  some  repair  and  improvement  work.     In  late  1952 
and  early  1953,  holes  were  drilled  and  pressure  grouted 
along  the  dam  to  reduce  seepage.     The  grout  program  was 
apparently  successful   in  stopping  the  majority  of  the  seepage 
(Ref.   12).     Riprap  along  the  upstream  face  of  the  dam  was 
rearranged  and/or  replaced  in  November  and  December  of  1964 
(Ref.   7,   9).     In  November  and  December  of  19  68,   the  concrete 
floor  of  the  spillway  was  repaired  and  the  spillway  return 
channel  was  cleared  and  enlarged   (Ref.   7).     Similar  spillway 
work  was  performed  in  1970   (Ref.   4,5).     Details  of  the 
conditions  prior  to  these  repairs  are  not  available.  A 
SCS  interoffice  memorandum  dated  June  13,   1975  recommended 
an  exploratory  drilling  program  be  performed  upstream  of  the 
spillway.     The  purpose  of  the  drilling  program  was  to  determine 
if  the  concrete  spillway  is  founded  on  bedrock  (Ref.   7  and 
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13).     The  project  files,  and  personal  contacts  with  the 
water  users  and  DNRC  engineers,   indicate  that  this  drilling 
program  was  never  performed . 

Three  piezometer  holes  were  drilled  and  monitoring  tubes 
installed  in  1975  along  the  downstream  face   (Ref.   13  and 
Exhibit  D3  of  Appendix  D) .     One  year  later  three  more  piezo- 
meter tubes  were  added   (Exhibit  D3).     In  the  fall  of  1977, 
minor  patchwork  repair  was  made  to  the  outlet  works  conduit 
immediately  downstream  of  the  emergency  and  operating  valves. 
A  drain  trench  and  pipe  were  installed  in  the  left  abutment 
in  the  spring  of  1978   (Ref.  13). 
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CHAPTER  2 
INSPECTION  AND  RECORDS  EVALUATION 

2.1        HYDRAULICS  AND  STRUCTURES 

2.1.1  Spillway 

The  spillway  for  Petrolia  Dam  is  located  on  the  right  (south) 
side  through  the  earthen  dike  section  of  the  dam.  The 
spillway  is  a  concrete  lined  chute  having  a  gravel  approach 
section  and  a  concrete  ogee  crest.     The  approach  channel  is 
approximately  trapezoidal  in  shape  with  a  minimum  base  width 
of  100  feet.     The  side  slopes  are  nearly  vertical,  parti- 
cularly near  the  spillway  crest.     The  approach  channel  is 
constructed  on  approximately  a  horizontal  grade,  and  transi- 
tions to  the  reservoir  basin  about  125  feet  upstream  of  the 
spillway  crest.     The  ogee  crest  was  set  at  elevation  102.0 
feet  (local  datum).     There  are  three  concrete  piers  located 
on  25- foot  centers  across  the  ogee  crest.     The  piers  support 
a  footbridge  over  the  spillway.     Spillway  width  at  the  ogee 
crest  and  in  the  chute  is  10  0  feet.     Energy  dissipation  is 
provided  by  a  flip  bucket  at  the  end  of  the  chute,  and  a 
stilling  basin  constructed  in  rock  (Sheets  4  and  5  of  Exhibit 
Dl ) .     There  is  a  29-foot  drop  from  the  spillway  crest  to  the 
design  stilling  basin  invert.     Spillway  flows  pass  from  the 
stilling  basin  into  Johnson  Coulee,  and  travel  as  close  as 
200  feet  to  the  dam  embankment  before  returning  to  Flatwillow 
Creek.     The  encroachment  to  within  200  feet  of  the  embank- 
ment has  not  been  historically  reported  as  a  concern,  and 
the  September  1979  field  inspection  verified  that  there  is 
no  immediate  concern.     Pertinent  construction  plans  are 
provided  in  Exhibit  Dl  of  Appendix  D.  . 

Original  hydraulic  rating  information  for  spillway  operation 
was  provided  by  the  Montana  DNRC   (Ref.   14).  Adjustments 
were  made  in  the  original  calculations  to  reflect  the  con- 
structed pier  arrangement  on  the  ogee  crest  and  to  better 
represent  existing  conditions   (Exhibit  Dl  and  Ref.  15). 
This  new  rating  was  developed  by  using  the  weir  head-discharge 
relationship  with  the  head-dependent  discharge  coefficient 
varying  from  2.9  9  to  3.76.     Head  losses  in  the  approach 
channel  were  assumed  to  be  negligible.     Spillway  capacity 
to  the  first  overtopping  dam  crest  elevation   (111.4  feet)  is 
estimated  to  be  10,200  cubic  feet  per  second   (cfs).  Spill- 
way rating  data  is  provided  in  Exhibits  E3  and  E4  of  Appendix  E. 

The  spillway  approach  section  is  quite  irregular  along  the 
flowline  due  to  aggradation  and  degradation  of  the  gravel 
and  cobble  material    (Photos  33  and  34  of  Appendix  C) .  The 
approach  channel  banks  have  been  eroded  and  are  near  ver- 
tical, particularly  near  the  concrete  headwalls  of  the 
spillway  chute.     Regrading  and  replenishment  of  the  material 
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is  suggested.     A  hole  exists  immediately  upstream  of  the 
concrete  ogee  crest   (Photos  33  and  34).     This  particular 
hole  may  be  the  result  of  local  scour  activity,   or  more 
importantly,   it  may  be  that  the  surface  material  has  sub- 
sided due  to  water  and  subsurface  material  movement  under 
the  spillway  cutoff  wall.     It  is  not  obvious  from  the  pro- 
ject drawings  and  design  files  as  to  whether  the  spillway 
cutoff  wall  was  keyed  to  bedrock;   in  fact,  more  evidence 
supports  the  absence  of  "keying"  and  the  possibility  of 
substantial  water  movement  beneath  the  spillway  floor. 
There  are  some  void  spaces   (24  to  36  inches  deep)  located 
beneath  the  concrete  floor  of  the  spillway  near  the  change- 
in-slope  point  of  the  chute.     A  few  spot  measurements  were 
taken,   but  not  enough  to  confirm  the  total  extent  of  this 
void.     The  project  operator  indicates  that  this  same  problem 
became  evident  a  few  years  ago,   and  it  was  necessary  to  fill 
the  void  space  with  large  gravel  aggregate.     It  was  apparent 
during  the  field  inspection  of  September  1979  that  the 
previous  work  did  not  overcome  the  problem. 

With  the  exception  of  the  ogee  crest  and  piers,  the  concrete 
of  the  structure,  particularly  in  the  vicinity  of  the  slab 
joints,   shows  signs  of  deterioration.     Concrete  patchwork 
has  been  performed  periodically  on  the  spillway  walls  and 
floor   (Ref.   4,   5,   7,   13).     Rehabilitation  work  is  again 
required  on  the  walls  and  floor   (Photo  35  of  Appendix  C). 
Concrete  deterioration  was  also  noted  on  the  spillway  flip 
bucket  at  the  exit   (Photo  39).     In  addition,  water  con- 
tinuously sets  in  the  flip  area  which  accelerates  damage  to 
the  local  concrete  during  repeated  freeze-thaw  cycles 
(Photo  39).     An  appropriate  relief  is  needed  to  eliminate 
the  opportunity  for  ponding  water. 

The  stilling  basin  and  return  channel  have  been  enlarged  and 
cleaned  on  several  occasions  in  the  past  (Ref.   7).  Rather 
severe  undercutting  has  occurred  at  the  spillway  exit  as 
shown  in  Photo  39  of  Appendix  C.     This  undercutting  action 
is  not  considered  to  be  critically  progressing  because  the  . 
erosion  has  basically  reached  nonerosive  material.  The 
basin  and  channel  banks  continue  to  experience  sloughing  and 
erosive  cutting   (Photos  19,   36,    37,   and  38).     Most  of  the 
bank  deterioration  is  attributed  to  spillway  flows;  however, 
seepage  daylights  along  the  left  stilling  basin  wall  and 
creates  a  slightly  unstable  condition   (Photo  36).     None  of 
the  erosion  is  presently  threatening  the  dam. 

2.1.2  Outlet  Works 

The  outlet  works  for  Petrolia  Dam  is  located  about  100  feet 
from  the  left  abutment  contact  and  aligned  approximately 
along  the  toe  of  the  left  valley  wall.     The  outlet  facility 
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consists  of:     an  approach  channel;  a  concrete  intake  structure; 
a  6  0-inch  diameter  conduit;   two  wet-well  chambers   (a  control 
tower  which  contains  the  emergency  and  operating  gates  and 
an  outlet  for  the  high-line  canal,  and  a  second  wet-well 
chamber  containing  a  vertical  turbine  pump  and  a  control 
gate);   delivery  pipelines  to  the  high-line  canal;  concrete 
outlet  structures   (one  at  the  high-line  canal  outlet,  one  at 
the  low-line  canal  outlet,  and  one  at  the  return  to  Flatwillow 
Creek);  a  stilling  basin;  and  a  return  channel.  Construction 
plans  are  provided  in  Exhibit  Dl  of  Appendix  D. 

An  approach  channel  was  constructed  from  the  natural  channel 
of  Flatwillow  Creek  to  the  concrete  intake  structure.  The 
intake  was  designed  as  a  flared  inlet  with  a  metal  trash 
rack.     Flowline  elevation  for  the  intake  was  set  at  53.0 
feet,  which  is  17  feet  below  the  assigned  dead  storage 
elevation   (Ref.   4,   5,  and  Sheet  2  of  Exhibit  Dl).  The 
intake  structure  could  not  be  inspected  due  to  the  height  of 
the  reservoir  pool  at  the  time  of  inspection. 

The  outlet  conduit  is  a  60-inch  diameter  reinforced  concrete 
pipe.     Total  conduit  length  from  the  intake  structure  to  the 
outlet  structure  at  the  return  to  Flatwillow  Creek  is  about 
330  feet.     The  conduit  was  inspected  only  from  the  emergency 
gate  downstream  to  the  outlet.     Minor  deterioration  of  the 
conduit  wall  was  evident  immediately  downstream  of  the 
control  tower  operating  gate  (at  approximately  Station  2+07 
as  shown  on  Sheet  2  of  Exhibit  Dl )   in  a  region  that  had  been 
previously  repaired   (Photos  24  and  25  of  Appendix  C  and  Ref. 
13).     A  small  leak  was  observed  at  a  conduit  joint  one 
barrel  section  upstream  of  the  outlet  to  Flatwillow  Creek. 
The  joint-filler  material  at  conduit  joints  between  the 
second  wet-well   ("second"  as  numbered  in  the  downstream 
direction)  and  the  outlet  is  rather  irregular  and  occasionally 
absent   (Photo  26). 

The  control  tower   (first  wet-well  as  numbered  in  the  down- 
stream direction)  is  located  7  feet  downstream  of  Petrolia 
Dam  centerline.     The  tower  contains  a  60-inch  by  60-inch 
rectangular  slidegate   (emergency  valve),  a  60-inch  diameter 
slidegate   (operating  valve),  and  a  30-inch  slidegate  and 
outlet  for  the  high-line  irrigation  canal.     The  30-inch 
gate  is  set  on  the  north  wall  of  the  control  tower.  Water 
to  the  high-line  system  cannot  be  delivered  until  the 
reservoir  pool  reaches  an  elevation  greater  than  91.5  feet. 
A  control  house  sets  over  the  chamber  and  gate  operators 
(Photos  4  and  20  of  Appendix  C  and  Sheets  2  and  3  of  Exhibit 
Dl).     All  gate  operators  are  located  on  the  top  floor  level 
of  the  control  tower,  which  is  approximately  coincident  with 
the  dam  crest  elevation.     The  following  specifications  were 
obtained  from  the  inspection  report  files  (Ref.  13): 
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2  Armco  Hardesty  Pedestal  Lifts 
2  Gates  V34xl 

Stems  3-1/2";   crank  shafts  1-3/4" 
1  Slidegate  No.  13-30 
Stem  1-1/8" 

For  inspection  purposes,   the  emergency  gate  was  closed  and 
the  operating  gate  in  the  control  tower  was  opened.  The 
conduit  downstream  of  the  control  tower  was  partially  pumped/ 
drained.     Complete  "seating"  was  not  possible  for  the  emer- 
gency gate  as  shown  in  Photo  21  of  Appendix  C.     Some  metal 
corrosion  was  observed  on  the  emergency  and  operating  gates, 
but  not  considered  serious  or  critical  at  this  time  (Photos 
21  and  22).     Erosion  and  cavitation  damages  were  evident 
along  the  metal  seating  ring  for  the  operating  gate  in  the 
control  tower   (Photos  24  and  25).     The  delivery  pipeline 
from  the  control  tower  to  the  outlet  to  the  high-line  canal 
is  a  30-inch  precast  concrete  pipe  with  lock  joints,  and  is 
approximately  105  feet  long.   , The  outlet  structure  located 
at  the  entrance  to  the  high-line  canal  is  a  reinforced 
concrete  structure  with  flared  sidewalls  and  vertical  head- 
wall   (Sheet  3  of  Exhibit  Dl).     The  30-inch  pipe  was  not 
inspected.     The  outlet  structure,  and  the  canal  in  the 
immediate  vicinity  of  the  dam  embankment,  was  in  reasonably 
good  condition.     It  appears  unlikely  that  the  capacity  of 
the  high-line  canal  would  be  exceeded  even  if  the  30-inch 
gate  is  in  the  fully  open  position  and  the  reservoir  is  at 
high  pool  levels.     There  is  a  remote  possibility  during  high 
pool   levels  that  the  30-inch  gate  could  be  fully  open  and 
one  of  the  control  gates  along  the  60-inch  conduit  restric- 
ting flow  to  such  an  extent  that  high  discharge  rates  would 
be  forced  through  the  high-line  system.     Also,  there  is  an 
extremely  remote  chance  that  inflow  through  the  30-inch  pipe 
would  be  combined  with  pump  contributions  to  result  in 
excedence  of  canal  capacity.     Even  if  one  of  these  con- 
ditions existed,  canal  bank  overtopping  probably  would  not 
result  in  a  complete  breach  as  the  high-line  canal  is  a  cut 
section  near  the  dam.     Only  after  a  prolonged  saturated 
condition  might  an  earth  slide  or  a  breach  occur.  Canal 
bank  overtopping  or  a  breach  should  not  prove  critical  to 
the  structural  integrity  of  the  dam  embankment  unless  this 
condition  lasts  for  a  considerable  length  of  time. 

The  second  wet-well  chamber  is  located  approximately  85  feet 
downstream  of  the  dam  centerline  and  about  90  feet  upstream 
of  the  outlet  to  Flatwillow  Creek.     This  chamber  houses  a 
vertical  turbine  pump  and  a  60-inch  slidegate  for  the  low- 
line  irrigation  canal    (Sheet  2  of  Exhibit  Dl).     The  vertical 
turbine  pump  is  used  primarily  to  provide  irrigation  water  to 
the  high-line  canal,   and  possibly  to  the  low-line  canal  when 
gravity  feed  is  not  possible.     The  60-inch  slidegate  is  mounted 
on  the  south  wall  of  the  chamber  and  operates  across  the  6  0-inch 


-11- 


conduit  leading  back  to  the  creek.     A  control  house  is 
situated  over  the  chamber   (Photos  5  and  32  of  Appendix  C), 
and  contains  the  6  0~inch  slidegate  operator  and  the  pump 
motor/controls.     The  gate  and  operator  specifications  are  as 
follows   (Ref.  13): 

1  Hardesty  V12xl  gate 
Stem  3" 

Crank  Shaft  1-3/8" 

The  maintenance  ladder  was  missing  from  the  second  wet-well 
chamber.     Also,  the  concrete  walls  are  deteriorating  with 
some  leakage   (Photos  27  and  28).     The  slidegate  has  experienced 
a  considerable  amount  of  corrosion.     The  gate  support  ribbing 
is  weakening  from  corrosion  and  the  metal  is  flaking  (Photo 
23). 

Water  can  enter  the  low-line  irrigation  canal  by  gravity  feed 
if  the  reservoir  pool  is  at  an  elevation  greater  than  70.0 
feet.     At  lower  pool  elevations,  pumping  would  be  necessary 
to  provide  water  supply  to  the  low-line  canal. 

The  outlet  to  the  low-line  canal  is  a  reinforced  concrete 
structure  with  flared  sidewalls.     Some  concrete  deterioration 
was  evident  on  the  outlet  structure.     The  canal  is  irregularly 
shaped  along  the  flowline,  but  in  reasonably  good  hydraulic 
and  structural  condition.     With  improper  operating  procedures 
and  with  high  pool   levels,   it  appears  possible  that  the  low- 
line  canal  capacity  could  be  exceeded.     The  structural  inte- 
grity of  the  lower  reach  of  outlet  conduit  and  the  outlet 
structure  to  Flatwillow  Creek  could  be  endangered  if  canal 
bank  overtopping  and  breaching  occurred.     Major  structural 
damage  to  the  dam  embankment  is  not  anticipated  during  an 
overtopping/  breach  condition  due  to  the  local  terrain  and 
materials  in  the  embankment  toe. 

Flow  not  diverted  or  pumped  into  the  irrigation  distribution 
system  continues  to  pass  through  the  5-foot  diameter  outlet 
works  conduit  and  is  returned  to  Flatwillow  Creek.  These 
releases  transition  from  the  conduit  to  the  natural  channel 
by  passing  through  an  outlet  structure,  a  stilling  basin, 
and  a  short  reach  of  return  channel   (Sheets  1  and  2  of 
Exhibit  Dl).     The  outlet  structure  is  a  reinforced  concrete 
flared  section  with  a  headwall  and  cutoff  wall    (Photo  30  of 
Appendix  C) .     The  outlet  was  set  at  a  flowline  elevation  of 
52.0  feet   (Exhibit  Dl  of  Appendix  D) .     Concrete  surfaces 
show  a  small  amount  of  pitting,   probably  due  to  seasonal 
freeze-thaw  activity.     Severe  undercutting  and  rock  displace- 
ment have  occurred  at  the  outlet  to  the  stilling  basin 
(Photo  29).     The  erosion  and  deterioration  are  not  critical 
to  the  safety  of  the  project,  but  corrective  measures  are 
needed . 
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The  stilling  basin  consists  of  a  depressed  channel  section 
(or  scour  hole),  an  armor  plate  from  the  depressed  section 
to  a  raised  channel  invert,   and  sloping  channel  banks.  All 
features  include  a  rock  riprap  cover   (Photo  30  of  Appendix 
C).     Undercutting  has  occurred  at  the  outlet  structure  (as 
described  above  for  the  outlet  structure),  rock  has  been 
displaced  from  the  armor  plate,  and  some  riprap  subsidence 
has  been  experienced  along  the  channel  banks   (Photos  29 
and  30 ) . 

A  short  reach  of  return  channel  completes  the  transition  to 
Flatwillow  Creek.     Very  little  definition  remains  as  to 
design  channel  geometry  and  grade,  primarily  because  of  bank 
sloughing  and  bed  material  displacement  (Photos  18  and  31). 

There  is  potential  for  pressure  pipe  flow  downstream  of  the 
first  wet  well.  Based  on  field  inspection  and  project  data 
review,  problems  resulting  from  pressure  flow  are  not  anti- 
cipated. 

Outlet  works  capacity  with  the  reservoir  at  the  spillway 
crest  (elevation  102.0  feet)  is  estimated  to  be  approximately 
425  cfs,  and  at  the  first  overtopping  dam  crest  (elevation 
111.4  feet),  the  capacity  is  470  cfs.     Estimates  are  based 
on  the  assumptions  that  all  operating  gates  are  in  the  fully 
open  position,   full  conduit  flow  exists  throughout  the 
entire  length,  and  Manning's  "n"  of  0.011.     Detailed  consid- 
eration was  not  given  to  flow  distribution  with  respect  to 
all  outflow  branches  in  the  system.     That  is,  for  this  level 
of  study,  outflow  was  considered  only  through  the  60-inch 
conduit  from  the  inlet  to  the  return  channel  outlet.  Final 
outlet  works  rating  data  is  summarized  in  Exhibits  E3  and  E4 
of  Appendix  E. 

2.1.3  Freeboard 

Flood  routing  (Section  2.2.3)  indicates  the  dam  overtops 
during  the  guidelines'    (Ref.   1)  recommended  spillway  design 
flood   (PMF),  and  therefore,  no  freeboard  exists  for  such 
conditions.     The  vertical  distance  from  the  spillway  crest 
(elevation  102.0  feet)  to  the  first  overtopping  dam  crest 
elevation   (111.4  feet)   is  9.4  feet.     Available  records 
indicate  that  probable  historic  highwater  levels  for  Petrolia 
Reservoir  occurred  in  May  1964,  June  1975,   and  March  1979. 
In  all  cases,   it  was  estimated  that  the  flow  depth  over  the 
spillway  crest  was  about  2.0  feet,  which  is  equivalent  to  a 
pool  elevation  of  104.0  feet.     The  existing  normal  highwater 
and  debris  lines  substantiate  the  probable  historic  high- 
water  level    (Photos  6  and  7  of  Appendix  C) .     The  vertical 
distance  between  the  reservoir  pool  and  the  first  overtopping 
elevation  at  the  time  of  the  September  1979  field  inspection 
was  17.0  feet. 
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Petrolia  Reservoir  is  oriented  in  an  east-west  direction, 
with  the  dam  on  the  east  side.     The  prevailing  wind  for  this 
region  is  identified  as  being  westerly  (Ref.   16,   17).  The 
reservoir  location  and  orientation  can  be  observed  in 
Appendices  A  and  B.     The  effective  fetch  length  is  calculated 
to  be  2  miles.     Hence,   the  minimum  freeboard  allowance 
should  be  about  5  feet   (Ref.   15).     This  5-foot  minimum 
allowance  does  not  apply  to  an  event  as  severe  as  the  PMF 
where  the  design  objective  would  be  to  provide  only  enough 
freeboard  to  maintain  structural  integrity  of  the  dam. 
Although  the  dam  will  overtop  during  the  PMF  and  lesser 
floods,  the  vertical  distance  between  normal  pool  and  the 
dam  crest  is  sufficient  to  prevent  overtopping  by  wind- 
generated  waves . 

2 . 2  HYDROLOGY 

2.2.1  Physiography  and  Climatology 

The  612-square  mile  catchment  area  above  Petrolia  Reservoir 
is  basically  rectangular  in  shape,  with  the  length  dimension 
being  considerably  greater  than  the  width.     In  particular, 
the  drainage  area  is  approximately  60  miles  long  and  only  15 
miles  wide  at  its  widest  point.     The  topography  includes 
flat  plains,   rolling  prairies,   foothills,   and  mountainous 
areas.     The  immediate  vicinity  of  the  reservoir  can  primarily 
be  characterized  as  plains  topography.     The  watershed  rises 
from  the  reservoir  in  a  westerly  direction  by  gradual  slopes 
and  bench  lands  to  the  higher  mountainous  elevations  of  the 
Snowy  Mountains.     Petrolia  Dam  backs  up  water  on  both  Flat- 
willow  Creek  and  Yellow  Water  Creek,   thus  forming  the  two 
major  arms  of  the  reservoir. 

Soils  along  the  stream  bottoms  are  generally  sandy  loams  and 
gravels.     Bench-land  soils  commonly  range  from  clay  loams  to 
silty  clay  loams,   becoming  gravelly  with  depth   (Ref.   9,  18). 
The  regional  climate  is  classified  as  distinctly  continental, 
and  characterized  by  abundant  sunshine,   low  relative  humidity, 
light  rainfall,   and  wide  daily  and  seasonal  variations  in 
temperature.     However,   the  regional  climate  does  not  have 
the  extreme  variable  pattern  common  to  the  more  mountainous 
western  sections  of  Montana.     In  general,   the  valleys  are 
relatively  dry  during  the  colder  months  and  wet  during  the 
late  spring  and  early  summer.     The  wettest  part  of  the  year 
in  the  mountains  is  generally  from  midwinter  to  early  spring. 
Snowfall  in  the  prairie  sections  of  the  Petrolia  watershed 
is  generally  light  and  does  not  tend  to  remain  on  the  ground 
for  long  periods  of  time.     It  is  not  uncommon  for  the  region 
to  experience  winter  warming  spells  with  associated  thawing 
temperatures.     Precipitation  in  the  Petrolia  watershed 
ranges  from  about  13.5  inches  at  Flatwillow  (10  miles  south- 
west of  the  dam)   to  amounts  in  excess  of  50  inches  in  the 
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Big  Snowy  Mountains.     The  average  annual  temperature  at 
Flatwillow  is  approximately  45°F.     Winters  are  typically 
cold,  with  January  being  the  coldest  month.     The  monthly 
average  temperature  for  January  at  Flatwillow  is  about  20 °F. 
During  the  summer,  July  is  typically  the  warmest  month  with 
an  average  temperature  of  about  70°F   (Ref.   16,    17,  18). 

The  U.S.  Geological  Survey  accumulated  streamflow  data  on 
Flatwillow  Creek,   the  main  tributary  to  Petrolia  Reservoir, 
at  two  different  locations  in  the  past.     Flatwillow  Creek 
near  Flatwillow,  Montana  (gage  number  06127900)  has  the 
longest  record  of  the  two,  with  41  years  of  peak  flow  measure- 
ments.    Drainage  area  above  this  particular  gage  is  188 
square  miles.     The  historic  peak  flow  occurred  in  June  1917 
when  954  cfs  passed  the  gaging  station.     To  emphasize  the 
peak  runoff  pattern,   11  of  the  41  annual  peak  events  occurred 
in  May  and  18  occurred  in  June  (Ref.  19). 

The  other  stream  gage  maintained  by  the  U.  S.  Geological 
Survey  is  identified  as  Flatwillow  Creek  near  Winnett, 
Montana   (gage  number  06128200).     This  gage  was  located 
immediately  downstream  from  Petrolia  Dam  and  had  an  upstream 
drainage  area  of  642  square  miles.     The  period  of  record  for 
peak  discharge  measurements  is  as  follows:     1923  -  1925, 
1927  -  1929,   1931  -  1932,   1946,   1950  -  1951.     Most  of  these 
annual  peak  events  occurred  in  June  (Ref.  19). 

A  regular  monitoring  program  of  the  Petrolia  Reservoir  water 
surface  is  not  maintained.     Occasional  measurements  of  the 
reservoir  contents  are  made  by  a  measuring  tape  in  the 
outlet  works  control  tower.     Available  records  indicate  that 
peak  water  levels  have  occurred  in  May  1964,  June  1975,  and 
March  1979.     This  is  not  to  imply  that  high  reservoir  levels 
are  exactly  concurrent  with  relatively  high  runoff  events 
from  the  contributory  watershed,  basically  because  seasonal 
reservoir  operation  must  also  be  considered.  However, 
because  Petrolia  Reservoir  has  a  relatively  small  usable 
storage  content,   it  can  generally  be  implied  that  high 
reservoir  pools  are  the  result  of  large  flood  events  and/or 
seasonally  high  watershed  yields, 

2.2.2     Estimated  Probable  Maximum  Flood  (PMF) 

The  inspection  guidelines   (Ref.   1)   recommend  that  the  spill- 
way design  flood   (SDF)   for  a  project  of  this  type  be  the 
probable  maximum  flood   (PMF) .     The  PMF  is  the  flood  that  may 
be  expected  from  the  most  severe  combination  of  critical 
meteorologic  and  hydrologic  conditions  that  are  reasonably 
possible  in  the  study  region.     The  probable  maximum  precipi- 
tation  (PMP)   and  the  estimated  PMF  were  developed  for  the 
Petrolia  drainage  basin,   exclusive  of  the  drainage  area 
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upstream  of  Yellow  Water  Reservoir.     It  was  assumed  for  the 
Phase  1  investigation  that  the  Yellow  Water  Storage  Project 
could  contain  all  runoff  being  generated  from  its  contributory 
area  concurrent  with  the  PMP  event  on  other  parts  of  the 
Petrolia  watershed.     Specific  to  Petrolia  Reservoir,  the 
ratio  of  the  reservoir  area  to  the  non-reservoir  area  is 
less  than  1  percent;  therefore,  the  two  areas  were  not 
separated  for  the  purpose  of  this  analysis.  • 

Petrolia  Reservoir  is  located  west  of  the  105th  meridian  and 
east  of  the  continental  divide,  hence  PMP  values  were  calcu- 
lated using  procedures  contained  in  the  National  Weather 
Service  Technical  Paper  38   (TP-38)    (Ref.   20).     TP-38  provides 
PMP  values  for  durations  to  24  hours,  with  extensions  to  48- 
hour  and  72-hour  durations  obtained  by  applying  a  factor  of 
110  percent  and  115  percent,  respectively.     An  extrapolation 
of  TP-38 's  area-reduction  curve  was  required  because  the 
drainage  area  above  Petrolia  Reservoir  (excluding  the  drainage 
area  above  Yellow  Water  Reservoir)  exceeds  400  square  miles. 
The  curve  extrapolation  was  performed  by  the  Corps  of 
Engineers,   Seattle  District.     After  applying  the  suggested 
areal  reduction  factors  for  the  557-square  mile  drainage  basin, 
the  PMP  1-hour,   6-hour,   12-hour  and  24-hour  precipitation 
values  were  5.5  inches,   12.2  inches,   15.0  inches  and  18.1 
inches,  respectively.     The  48-hour  precipitation  was  determined 
to  be  19.9  inches,  and  the  72-hour  precipitation  was  20.8 
inches. 

The  6-hour  increments  for  the  total  72-hour  storm  were 
arranged  in  a  critical  distribution  using  criteria  presented 
in  the  National  Weather  Service  Hydrometeorological  Report 
No.  43   (Ref.   21).     In  particular,  the  6-hour  rainfall  increments 
were  arranged  according  to  pattern  "e".     Further  subdivision 
of  the  calculated  rainfall  increments  was  required  to  provide 
compatibility  with  the  duration  of  the  unit  hydrograph.  A 
30-minute  unit  hydrograph  was  selected  for  Petrolia  Reservoir 
using  criteria  presented  in  the  SCS  Hydrology  Handbook  (Ref. 
22).     The  unit  hydrograph  was  developed  for  the  Petrolia 
basin  using  the  U.S.  Army  Corps  of  Engineers'  computer 
program  HEC-1  and  the  SCS  method   (Ref.   23).     The  PMP  storm 
was  plotted  in  the  form  of  a  depth-duration  curve  for  con- 
venience in  selecting  incremental  rainfall  values.     The  30- 
minute  PMP  values,  within  the  peak  6-hour  increment,  were 
ordered  according  to  the  reverse  pattern  of  the  largest  12 
unit  hydrograph  ordinates. 

Rainfall  losses  were  assumed  equal  to  zero  due  to  ground 
conditions.     Hence,  excess  rainfall  was  assumed  equal  to  the 
rainfall  amounts. 
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The  runoff  condition,  or  PMF,  resulting  from  a  PMP  storm  was 
estimated  using  the  PMP  values  and  the  unit  hydrograph 
approach.     The  resultant  PMF  has  a  total  runoff  volume  of 
616, 700  AF. 

2.2.3     Flood  Routing 

The  PMF  resulting  from  the  PMP  rainfal 1 /runoff  event  was 
routed  through  Petrol ia  Reservoir  using  the  computer  program 
HEC-1    (Ref.   23).     Runoff  from  an  antecedent  storm     was  not 
specifically  considered;  however,  it  appears  reasonable  to 
assume  the  initial  reservoir  level  prior  to  routing  the  PMF 
is  at  the  spillway  crest   (elevation  102.0  feet,   local  datum). 
The  support  rationale  for  this  assumption  is  that  Petrol ia 
Reservoir  characteristically  has  a  small  reservoir  pool  and 
is  not  capable  of  totally  absorbing  rather  severe  flood 
events.     Rapid  drawdown  of  the  reservoir  pool  can  be  accomplished 
with  the  60-inch  outlet  conduit.     However,   it  is  not  likely 
that  the  project  would  be  operated  in  this  manner  unless  it 
was  an  emergency  measure.     The  water  users  would  prefer  to 
store  as  much  water  as  possible  in  preparation  for  the 
irrigation  season.     Also  to  be  considered  in  releasing  high 
discharge  rates  through  the  outlet  works  is  the  probable 
damage  that  would  result  in  the  outlet  stilling  basin  and 
return  channel.     This  damage  would  probably  remain  localized 
and  not  threaten  the  dam  embankment.     In  summary,   the  "sense 
of  emergency"  is  not  likely  to  be  realized  by  the  project 
operators  to  the  extent  storage  water  and  downstream  con- 
ditions would  be  sacrificed  in  anticipation  of  a  PMF  event. 

Reservoir  area-capacity-elevation  data  was  obtained  from 
the  DNRC  files   (Ref.   4,   5,   14),  and  is  provided  in  Exhibits 
El  and  E2  of  Appendix  E.     Petrolia  discharge  rating  data 
is  shown  in  Exhibits  E3  and  E4.     Flow  through  the  outlet 
works  was  included  in  the  flood  routing. 

For  the  purposes  of  flood  routing  and  according  to  Phase  1 
investigation  criteria,  the  dam  crest  elevation  is  the 
minimum  elevation  to  which  the  reservoir  must  rise  before 
overtopping  the  dam.     This  criteria  assumes  overtopping  and 
failure  of  embankment- type  dams  to  be  coincidental.  Based 
upon  the  embankment  profile  survey  dated  October  16,   19  79 
(Exhibit  D2),   the  existing  first  overtopping  dam  crest 
elevation  is  111.4  feet. 

Flood  routing  showed  that  the  dam  would  first  overtop  during 
the  PMF  when  approximately  1  percent  of  the  total  PMF  volume 
enters  the  reservoir.     Percentages  were  taken  of  the  PMF 
ordinates  to  determine  what  event  Petrolia  Dam  can  safely 
control  without  failure.     It  was  found  that  the  dam  could  store 
and  hydraulically  pass  an  event  approximately  equal  to  2  per- 
cent of  the  PMF   (2  percent  of  the  PMF  hydrograph  ordinates). 
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This  estimate  does  not  include  the  effects  of  discharges 
from  the  upstream  Yellow  Water  Reservoir  during  the  PMF.  As 
described  above,   Petrolia  Dam  can  hydraulically  pass  events 
less  than  or  equal  to  2  percent  of  the  PMF,   but  the  spill- 
way may  not  be  able  to  maintain  structural  integrity  under 
this  type  of  loading  in  the  absence  of  adequate  support  under 
the  spillway  floor.     Also,  substantial  damage  is  likely  to 
result  in  the  low-line  irrigation  canal,   in  the  outlet 
stilling  basin,   and  in  the  return  channel. 

2.3     GEOTECHNICAL  EVALUATION 

The  geotechnical  evaluation  of  Petrolia  Dam  included  a  field 
investigation,  and  a  search  and  review  of  project  design 
data.     The  field  inspection  consisted  of  photo  documentation, 
a  dam  crest  profile  survey,   slope  stability  observations  of 
the  dam  embankment,   seepage  observations,  and  measurements 
of  the  slope  angles.     Inspection  photos  are  included  in 
Appendix  C,   some  of  the  construction  plans  are  included  in 
Exhibit  Dl  of  Appendix  D,  and  the  crest  profile  survey  is 
shown  in  Exhibit  D2.     Results  of  the  slope  angle  measurements 
are  provided  in  Exhibit  D3. 

2.3.1     Dam  Embankment 

Petrolia  Dam  is  a  zoned,  earth  fill  structure  which  was 
completed  in  1951.     The  dam  has  a  maximum  structural  height 
above  the  deepest  point  on  the  foundation  surface  of  76  feet 
and  a  total  crest  length  of  3635  feet.     The  project  consists 
of  a  main  dam  embankment,  961  feet  long  between  dam  abutments, 
and  a  zoned  earth  fill  dike  that  extends  2674  feet  beyond 
the  right  abutment.     Included  in  the  dike  section  is  a  100- 
foot-wide  concrete  spillway.     The  dam  and  dike  crest  width 
was  designed  to  be  20.5  feet,  but  field  measurements  indicate 
a  variable  width  of  between  12  and  17  feet   (Photos  4  and  5 
of  Appendix  C) .     This  is  primarily  the  result  of  the  riprap 
moving  down  the  upstream  slope,  causing  a  narrowing  of  the 
crest.     The  construction  plans   (See  Exhibit  Dl,   Sheet  1) 
indicate  the  upstream  face  has  a  slope  of  IV  (vertical)  on 
2H   (horizontal)  down  to  elevation  102.0  feet   (local  datum), 
which  is  the  crest  elevation  of  the  spillway,   then  flattens 
to  a  slope  of  IV  on  3H  until  reaching  elevation  92.0  feet. 
Slope  measurements  in  the  field  show  this  portion  of  the 
slope  to  be  slightly  steeper   (near  IV  on  2.5H).     The  con- 
struction plans  indicate  that  below  elevation  92.0  feet  the 
embankment  has  a  slope  of  IV  on  4H.     The  upstream  face  is 
covered  with  loose,  rock  riprap  and  some  scattered  debris 
above  elevation  92.0  feet  (Photos  6-9). 

The  downstream  face  has  a  slope  of  IV  on  2H.     There  is  a 
moderate  to  sparce  cover  of  natural  grasses,  weeds,  and 
sagebrush  on  the  downstream  slope   (Photos  5,   11,   12,   and  13). 
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Details  provided  on  Sheet  1  of  Exhibit  Dl  indicate  the 
embankment  cross  section  consists  of  three  parts  identified 
as  impervious   (core),   sand  and  gravel   (shell),  and  riprap. 
A  detailed  description  of  these  materials  and  zones  is 
not  available  in  the  design  file. 

The  impervious  section  is  located  in  the  central  region  of 
the  embankment.     Plans  indicate  that  a  cutoff  trench  is 
located  at  the  base  of  the  impervious  section  on  the  upstream 
side  of  the  main  dam  embankment.     For  the  dike  section,  the 
cutoff  trench  is  more  centrally  located.     Construction  drawings 
indicate  that  the  cutoff  trench  extends  into  the  underlying 
bedrock  (Sheet  1  of  Exhibit  Dl).     In  the  main  embankment 
area,   this  trench  is  shown  to  extend  approximately  13  feet 
into  bedrock.     Only  a  3-foot  extension  into  bedrock  was  con- 
structed under  the  dike  section.     Further  discussion  rela- 
tive to  the  cutoff  trench  is  provided  in  the  next  section. 
The  sand  and  gravel  zone  forms  the  upstream  (below  the 
riprap)  and  downstream  exterior  faces  of  the  embankment. 
Based  on  field  observations  in  erosional  cuts,  this  material 
is  pervious,  well  graded,  and  granular  with  no  plasticity. 

2.3.2     Foundation  Conditions  and  Seepage  Control 

Neither  soil  boring  or  test  pit  logs  were  available;  however, 
there  were  some  soil  test  results  available  for  review. 
Tests  were  performed  on  selected  samples  apparently  taken 
from  the  borrow  areas  and  test  holes.     These  tests  included: 
moisture-density  relationships,   specific  gravity,  grain- 
size  distribution,  and  permeability.     It  is  not  known 
whether  these  tests  were  performed  during  design  or  con- 
struction.    Further,  it  is  not  known  with  certainty  what  zones 
of  material  the  tests  represent. 

Based  on  available  information,   it  appears  that  the  main 
section  of  the  existing  dam  embankment  is  resting  primarily 
on  alluvial  deposits  of  sand,   gravel,  and  clay  up  to  about 
10  feet  thick.     The  core  trench  described  in  Section  2.3.1 
was  designed  to  extend  through  these  materials  into  the 
foundation  bedrock. 

Bedrock  is  a  sandy  shale  with  laminated  calcareous  sand- 
stone seams.     This  material  is  relatively  permeable  in  the 
horizontal  direction  due  to  a  laminated-type  structure. 
The  abutments  are  layered  masses  of  interbedded  sandy  shale 
and  sandstone. 

Settlement 

The  construction  plans  indicate  that  the  dam  crest  control 
was  established  at  elevation  112.0  feet.     An  embankment 
profile  was  surveyed  on  October  16,   1979   (Exhibit  D2 
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of  Appendix  D) .     The  survey  shows  that  the  maximum 
differential  elevation  along  the  crest  is  about  1.6  feet. 
The  points  of  greatest  depression  are  generally  located 
along  the  main  section  of  the  embankment.     It  appears  the 
dam  was  designed  without  camber.     The  apparent  differential 
settlement  is  probably  a  combination  of  settlement  within 
the  alluvial  foundation  and  the  embankment  materials. 

Settlement  along  the  outlet  conduit  appears  to  be  in  the 
range  of  6  inches  to  1  foot.     A  visible  deformation  in  the 
conduit  was  observed  between  the  second  wet-well  chamber 
and  the  outlet  (Photo  26  of  Appendix  C) .     Conduit  align- 
ment upstream  of  the  upper  wet-well  chamber  was  not  observed 
because  it  necessitates  an  almost  complete  reservoir  draw- 
down for  inspection. 

In  summary,  a  history  of  settlement  along  the  dam  embankment 
is  not  available.     The  apparent  settlement  to  date  has  not 
caused  significant  structural  damage.     Because  of  the  age  of 
the  dam   (28  years),  additional  significant  amounts  of  settle- 
ment are  not  anticipated. 

Seepage  Control 

At  the  time  of  the  September  1979  field  investigation, 
Petrolia  Reservoir  was  at  a  relatively  low  level  (elevation 
94.4  feet,  or  7.6  feet  below  the  spillway  crest).  Several 
seepage  areas  were  identified  during  this  investigation,  and 
each  will  be  discussed  in  more  detail  below.  Discussions 
are  also  presented  below  for  comparison  with  seepage  areas 
identified  in  earlier  inspection  trips  made  by  state 
inspection  personnel. 

Seepage  areas  identified  by  HKM  during  the  September  1979 
investigation  are  as  follow: 

1.       Left  Abutment.     Evidence  of  seepage  was  observed 

at  the  left  abutment  contact  between  the  high-line 
canal  and  pump  house  at  the  low-line  canal  level 
(Photo  32  of  Appendix  C) .     This  seepage  area  is 
located  near  elevation  70  feet.     Seepage  has  also 
been  observed  in  this  area  by  inspection  teams  in 
the  past.     Although  free  water  was  not  observed 
during  this  field  investigation,  vegetation  type 
and  extent  suggests  seepage  from  the  abutment. 

In  the  spring  of  1978,  a  drain  trench  and  pipe  were 
installed  in  this  area.     The  system  was  intended  to 
collect  and  remove  a  majority  of  the  abutment 
seepage;  however,  according  to  local  water  users, 
the  system  has  a  limited  interception  capability. 
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It  is  anticipated  that  water  will  surface  in  this 
area  when  the  reservoir  pool  rises  and  the  capacity 
of  this  small  relief  system  is  exceeded.  However, 
observation  by  the  local  water  users  indicate  an 
improvement  in  drainage  relief  since  the  system 
was  installed.     In  addition,   the  water  users  feel 
that  by  extending  the  collection  system  down  the 
abutment   (lowering  the  collection  points),   a  new 
system  would  essentially  eliminate  all  surface 
seeping,   even  during  high  pool  periods.  However, 
the  water  users  do  not  presently  have  any  firm 
plans  to  perform  this  work. 

2.  Considerable  seepage  was  identified  on  a  steep 
slope  located  approximately  300  feet  downstream  from 
the  bend  in  the  dam  embankment  section  (that 

is,  approximately  where  the  main  embankment  section 
ends  and  the  dike  section  begins).     The  seepage 
surfaces  on  an  open,   steep  cliff  which  is  40  to  50 
feet  high.     The  cliff  exposes  the  natural  geological 
strata  above  Johnson  Coulee   (Photo  15).     It  is 
expected  that  the  majority  of  this  water  originates 
in  the  reservoir  pool  and  seeps  along  laminations 
in  the  sandstone.     A  smaller  amount  of  seepage 
water  travels  through  the  shale  bedrock. 

A  small  boil  was  identified  in  the  Johnson  Coulee 
stream  bottom  located  about  300  feet  from  the  dam 
embankment  and  below  the  cliff  (Photo  16).  Although 
very  small,  this  boil  is  evidence  of  artesian 
pressures  associated  with  water  moving  through  a 
deep  bedrock  formation.     This  boil  is  not  transporting 
soil . 

3.  Seepage  was  observed  along  the  left  valley  wall  of 
the  spillway  stilling  basin.     The  water  was  exiting 
from  the  exposed  bedrock  (Photo  36).     Small  amounts 
of  seepage  were  also  noted  below  the  concrete  sill 
at  the  bottom  of  the  spillway  (Photo  39). 

Seepage  areas  identified  by  state  inspection  personnel  (Ref. 
13)   are  described  below. 

4.  At  the  intersection  of  the  dam  and  right  (south) 
abutment  near  Sta  11+00   (original  construction 
survey  stationing),  a  small  seepage  area  emerges 
when  the  pool   level  is  high.     At  the  time  of  this 
investigation,   September  1979,   this  area  was  dry. 
Moderately  dense  grass  in  this  area  suggests 
seepage  earlier  this  spring. 
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5.       In  the  past,   seepage  has  been  observed  emerging  at  the 
sandstone  exposure  below  the  dike  section  and 
about  30  0  feet  south  of  the  dam's  right   (south)  abut- 
ment.    At  the  time  of  this  investigation,  September 
1979,   this  area  was  dry  (Photos  13  and  14). 

Six  piezometer  tubes  were  identified  in  the  field  at  Petrolia 
Dam  (Photo  No.   11).     The  tubes  are  approximately  located  on 
Exhibit  D3  in  Appendix  D.     Water  levels  were  measured  in  4 
of  these  tubes  and  are  reported  on  the  exhibit.     It  should 
be  noted  that  the  static  water  level  was  the  highest  in  Tube 
No.  4  at  6.1  feet  below  the  natural  ground  surface.  Details 
of  why  the  piezometers  were  installed  are  limited.  However, 
early  inspection  reports   (Ref .   13)   indicate  seepage  was 
observed  in  this  area. 

In  conclusion,   the  groundwater  seeps  are  not  presently 
considered  critical  and  do  not  suggest  imminent  danger  to 
the  dam  structure.     However,  recognizing  that  the  seepage 
areas  described  above  probably  become  more  active  during 
periods  of  high  pool  levels,  an  inspection  and  monitoring 
program  is  suggested.     Frequent  and  timely  monitoring  should 
aid  in  describing  changes  in  seepage  amounts  and  piping 
occurrences  at  different  pool  levels. 

2.3.3  Stability 

Embankment 

The  slope  angles  measured  during  the  field  investigation  are 
shown  in  Exhibit  D3  of  Appendix  D.     These  angles  were  measured 
with  an  Abney  level  and  should  be  considered  approximate. 
Except  for  some  loss  of  riprap  on  the  upstream  slope,  there 
is  no  outward  sign  of  instability  or  trouble  evident  from 
visual  inspection  of  the  dam  embankment.     However,  there  is 
no  stability  analysis  data  available  to  evaluate  the  slope 
design.     Available  design  information  suggests  that  soil 
strength  tests  were  not  performed  and  stability  calculations 
were  not  made.     The  main  embankment  portion  of  the  dam  does 
not  contain  piezometers  and  hydrostatic  conditions  are  un- 
known throughout  most  of  the  dam. 

Erosion 

Embankment  and  channel  bank  erosion  were  observed  at  several 
locations.     Without  corrective  measures,   these  points  of 
erosion  may  develop  into  stability  problems. 

At  isolated  locations  on  the  upstream  face  of  the  embankment, 
the  bedding  material  under  the  loose  rock  riprap  has  been 
eroded  by  wave  action.     The  riprap  has  moved  downs  lope  along 
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the  embankment  leaving  the  slope  exposed  and  oversteepened 
(Photo  6).     The  bedding  material  has  apparently  been  eroded 
through  the  voids  in  the  riprap.     The  gradation  of  the  bedding 
is  unknown. 

Accumulations  of  precipitation  on  the  dam  crest  and  in  the 
abutment  areas  have  spilled  over  the  downstream  embank- 
ment face  and  created  erosion  gullies.     Most  of  these 
gullies  are  small  but  deserve  future  monitoring  (Photo  17). 
A  rather  large  erosion  gully  has  developed  at  the  contact  of 
the  embankment  and  the  left  abutment  on  the  downstream  face. 
This  particular  gully  has  developed  to  a  size  of  1  foot  deep 
by  2  feet  wide.     There  are  banks  approaching  the  vertical  at 
the  seepage  areas  identified  previously  under  Seepage  Control, 
Item  Nos .  2  and  3   (Photos  15  and  36).     These  banks  should  be 
protected  to  reduce  progressive  bank  failure. 

Previous  inspection  reports  have  included  a  recommendation 
that  a  dike  be  constructed  in  the  Johnson  Coulee  stream 
bottom  to  deflect  the  high  flows  away  from  the  cliff  (vertical 
bank  located  downstream  of  the  dike  section  at  seepage  area 
in  Photo  15).     This  dike  has  not  been  constructed  and  is  no 
longer  needed.     The  local  water  users  feel  the  channel  has 
naturally  changed  predominant  flow  directions  and  is  no 
longer  causing  significant  bank  erosion.     The  absence  of  the 
dike  does  not  affect  the  structural  stability  of  the  dam. 

Bank  erosion  and  sloughing  were  observed  in  the  spillway 
stilling  basin  and  return  channel  to  Johnson  Coulee  (Photos 
36,   37,   and  38).     This  erosion  does  not  affect  dam  stability, 
but  should  be  considered  in  future  project  rehabilitation 
work.     The  localized  bank  erosion  and  sloughing  in  the 
stilling  basin  could  affect  the  structural  integrity  of  the 
spillway  chute. 

The  reservoir  shorelines  are  considered  to  be  in  stable 
condition  as  no  major  slides  or  scarpments  were  observed. 
The  shoreline  is  occasionally  vertical,  or  near  vertical, 
and  localized  sloughing  occurs  due  to  wave  action  and  satu- 
rated conditions   (Photos  1,   2,   3,  and  10). 

2.3.4     Rock  Riprap 

Rock  riprap  has  been  placed  on  the  upstream  face  of  the  dam, 
and  in  the  stilling  basins  for  the  outlet  works  and  spillway. 
This  rock  is  calcareous  sandstone  and  is  generally  erosion 
resistant.     Some  weathering  is  evidenced  by  the  rounding  of 
the  edges  and  the  decrease  in  size  of  the  stone  below  the 
water  level    (Photos  6,    7,   and  8).     In  some  locations  along 
the  dike  area,  the  quantity  of  riprap  appears  to  be  deficient 
(Photo  9).     Also,   the  riprap  has  occasionally  slipped  down 
the  upstream  embankment  face  due  to  erosion  and  wave  action 
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(Photo  6).     The  riprap  bedding  material  has  apparently  been 
eroded  through  the  voids  in  the  riprap  causing  the  riprap 
slippage . 

There  is  insufficient  riprap  protection  in  both  stilling 
basins.     The  outlet  structure  has  been  undercut  to  a  depth 
of  24  to  36  inches   (Photo  29). 

The  sill  of  the  spillway  chute  has  also  been  undercut  due  to 
inadequate  riprap  (Photo  39).     Both  banks  of  this  stilling 
basin  are  near  vertical  and  show  evidence  of  recent  caving 
as  a  result  of  undercutting  (Photos  36-38). 

2.4        PROJECT  OPERATIONS  AND  MAINTENANCE 

The  Petrolia  Storage  Project  is  administered  by  the  Montana 
DNRC  through  a  contractual  agreement  with  the  Petrolia  Water 
Users'  Association   (Ref.   5,9).     Initially,   the  State  Water 
Conservation  Board   (SWCB)  had  the  responsibility  to  construct, 
operate  and  maintain  water  conservation  projects.     In  1967, 
the  SWCB  was  replaced  by  the  Montana  Water  Resources  Board 
(MWRB).     The  new  agency  shifted  its  emphasis  from  construction 
activities  to  providing  engineering  services  for  local 
groups  and  water  user  associations,   to  assisting  in  the 
maintenance  of  previously  constructed  projects,  and  to 
conducting  annual  maintenance  inspections.  Responsibility 
for  project  operation  and  maintenance  gradually  shifted  from 
the  State  agencies  to  the  local  groups  over  a  period  of 
years.     Upon  reorganization  of  state  government  in  1971,  the 
MWRB  was  replaced  by  the  Department  of  Natural  Resources  and 
Conservation   (DNRC).     Accounting  and  engineering  responsibil- 
ities were  departmentalized,  with  the  Engineering  Bureau  of 
the  Water  Resources  Division,   DNRC,   delegated  the  responsi- 
bility to  provide  the  services  previously  mentioned  for  the 
MWRB.     At  the  present  time,   the  Petrolia  Water  Users'  Associ- 
ation performs  essentially  all  operation  and  maintenance 
activities  and  the  State  agency  serves  only  in  a  supervisory 
capacity  (Ref.  5). 

Representatives  of  DNRC  maintain  frequent  contact  with  the 
water  user  group  by  attending  important  meetings  and  by 
scheduling  regular  inspections  of  the  project.     They  also 
advise  the  group  of  maintenance,   repair,  operation  and 
budgetary  needs.     The  DNRC  provides  assistance  and  direction 
in  determining  the  best  repair  alternatives  and  financing 
sources   (Ref.   5,   7,  13). 

Releases  from  the  reservoir  are  generally  dictated  by 
seasonal  requirements.     Seasons  of  particular  interest  are 
the  spring  and  early-summer  runoff  period,  and  the  irrigation 
period.     The  poor  condition  of  the  spillway  has  not  always 
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been  respected,  and  suggestions  have  been  made  in  the  past 
to  the  project  operator  to  carry  a  lower  pool  level  into  the 
flood  season.   Releases  during  the  irrigation  season  are 
monitored  and  controlled  according  to  water  needs  and  rights. 
Reservoir  pool  carry-over  from  year  to  year  also  plays  a 
part  in  project  operation.     No  operations  manual  for  the 
project  has  been  prepared,  and  operating  records  are  kept 
only  on  some  of  the  components  for  the  storage  and  water 
delivery  system. 

Miscellaneous  maintenance  work  has  been  accomplished  in  the 
past  on  the  dam  and  related  structures.     However,  this 
activity  has  been  limited  due  to  manpower  and  budgetary 
constraints. 

2.4.1  Dam 

There  is  no  formal  plan  for  periodic  maintenance  of  Petrol ia 
Dam.     The  grouting  work  to  reduce  underseepage  is  the  most 
significant  enhancement  or  repair  performed  since  the  dam 
was  completed  in  1951.     Pressure  grouting  was  performed  in 
1952  and  1953,  approximately  18  months  after  dam  completion. 
Operation  and  maintenance  records  appear  to  indicate  that 
additional  work  was  performed  relative  to  seepage  control  in 
1956   (Ref.   7,   9,   13).     However,  a  confirmation  of  the  addi- 
tional work  could  not  be  made. 

Other  operation  and  maintenance  work  on  Petrolia  Dam  has 
included:  rearrangement/replacement  of  riprap  along  the 
upstream  face  of  the  dam  in  November  and  December  of  1964; 
installation  of  3  piezometer  tubes  along  the  downstream  face 
in  1975  and  installation  of  3  additional  piezometer  tubes 
along  the  downstream  face  in  1976   (Exhibit  D3);   and  the 
construction  of  a  drain  trench  and  installation  of  a  drain 
pipe  in  the  left  abutment  in  the  spring  of  1978    (Ref.   7,  9, 
13)  . 

2.4.2  Reservoir 

Petrolia  Reservoir  water  surface  elevation  is  measured  on  an 
irregular  basis  by  the  local  water  users'  association,  and 
during  project  inspections.     Deliveries  are  made  by  a  water 
commissioner  with  the  aid  of  measuring  devices  and  the  gate 
stem  height  on  the  outlet  works  operating  valves.  Maintenance 
and  repairs  have  not  been  required  in  the  reservoir  basin 
with  the  exception  of  work  related  to  the  recreational 
facilities   (Ref.   9) . 

2.4.3  Related  Structures 

The  spillway  is  an  unregulated  facility.     All  other  related 
structures,   such  as  the  outlet  works  and  irrigation  turnouts, 
are  controlled  by  the  local  water  commissioner. 
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In  November  and  December  of  1968,   a  Montana  Water  Resources 
Board  construction  crew  repaired  the  concrete  floor  of  the 
spillway,   and  cleared  and  enlarged  the  return  channel. 
Similar  spillway  work  was  performed  in  1970.     Minor  patchwork 
repair  was  performed  in  the  outlet  works  conduit  during  the 
fall  of  1977.     This  repair  work  was  directed  specifically  at 
the  area  immediately  downstream  of  the  valves  located  in  the 
control  tower  (Ref.   13).     An  SCS  interoffice  memo  from  June  13, 
19  75  recommended  exploratory  drilling  upstream  of  the  spillway 
to  determine  if  the  concrete  spillway  is  resting  on  bedrock. 
The  project  files,  water  users,  dam  tender  and  DNRC  indicate  the 
drilling  as  not  performed. 

2.4.4       Warning  System 

There  is  no  formal  warning  system  or  plan  of  action  in  the 
event  of  dam  distress. 
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CHAPTER  3 
FINDINGS  AND  RECOMMENDATIONS 

3.1  FINDINGS 

Visual  inspection  of  the  dam,   supplemented  by  analysis  of 
the  project  in  accordance  with  the  guidelines   (Ref.   1)  and 
the  contract  performance  standards,  resulted  in  the  follow- 
ing findings. 

3.1.1  Size,  Hazard  Classification,  and  Safety  Evaluation 

In  accordance  with  the  inspection  guidelines   (Ref.  1), 
Petrolia  Dam  is  classified  intermediate  in  size  and  has  a 
high  downstream  hazard  potential  rating.     The  recommended 
spillway  design  flood  for  this  project  is  100  percent  of  the 
PMF.     Because  the  project  can  safely  handle  only  2  percent 
of  the  PMF  without  overtopping  and  causing  the  dam  to  fail , 
Petrolia  Dam  is  considered  unsafe  until  recommended  actions 
(Section  3.2)  are  completed. 

3.1.2  Spillway 

The  spillway  system  was  designed  to  accommodate  a  relatively 
small  flood  event  compared  to  current  standards.  Maximum 
spillway  capacity,  assuming  the  reservoir  pool  is  at  the 
first  overtopping  dam  crest  elevation,   is  approximately 
10,200  cfs.     The  floodwater  storage  capability  between  the 
spillway  crest  and  the  first  overtopping  dam  crest  elevation 
amounts  to  4608  AF .     In  comparison,  the  PMF  for  the  557 
square-mile  drainage  area   (which  excludes  the  drainage  area 
above  Yellow  Water  Reservoir)  is  estimated  to  have  a  total 
runoff  volume  of  about  616,700  AF.     Hence,  the  combination 
of  reservoir  storage  and  spillway  discharge  capabilities  is 
seriously  inadequate  to  prevent  overtopping  of  the  dam 
during  the  PMF. 

The  spillway  is  in  relatively  poor  condition  with  respect  to 
concrete  deterioration  and  the  absence  of  support  material 
under  the  spillway  floor.     The  flowline  of  the  spillway 
approach  section  is  very  irregular  due  to  alternating  de- 
gradation and  aggradation  processes.     The  approach  channel 
banks  have  eroded  to  nearly  a  vertical  orientation,  particu- 
larly near  the  entrance  to  the  concrete  chute.  Generally, 
the  approach  channel  banks  are  not  high  and  consequently  a 
bank  failure  will  not  cause  a  major  obstruction  or  threaten 
the  dam  embankment  structure.     Occasional  maintenance  is 
recommended,  however.     Also,  undercutting  and  bank  erosion 
have  occurred  in  the  stilling  basin.     The  undercutting 
activity  is  not  progressing  at  a  critical  rate,  and  the  con- 
crete chute  and  flip  bucket  are  not  endangered  solely  by 
this  scour  activity.     However,  remedial  measures  are  recommended. 
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Bank  erosion  in  the  stilling  basin  is  also  progressing  at 
a  rate  and  in  such  a  manner  as  not  to  effect  structural 
stability  and  dam  safety,   but  monitoring  and  stabilization 
measures  are  recommended. 

3.1.3  Outlet  Works 

The  outlet  works  facility  appeared  to  be  in  satisfactory 
operating  condition  from  the  control  tower  to  the  outlet. 
The  approach  channel,  inlet  structure,   60-inch  conduit  from 
the  inlet  to  the  control  tower,  and  the  30-inch  outlet 
system  to  the  high-line  canal  were  not  inspected.  Minor 
repair  is  required  on  all  of  the  gates,  on  the  metal  seat 
ring  and  concrete  conduit  downstream  of  the  emergency  and 
operating  gates  in  the  control  tower,  in  the  second  wet-well 
chamber,  at  isolated  sections  of  the  60-inch  conduit  below 
the  second  wet-well  chamber,  and  in  the  outlet  stilling 
basin.     Rather  severe  undercutting  and  scouring  have  occurred 
below  the  outlet  structure,  and  the  rock  riprap  banks  around 
the  perimeter  of  the  stilling  basin  have  experienced  minor 
subsidence.     Minor  repairs  in  the  form  of  concrete  rehabili- 
tation and  channel  cleaning/regrading  are  needed  at  the 
entrance  to  the  low-line  canal. 

3.1.4  Dam 

Except  for  the  loss  of  some  riprap  on  the  upstream  face, 
the  Petrol ia  Dam  embankment  appears  to  be  stable  and  in  good 
condition.     Some  questions  exist  as  to  the  embankment 
stability  because  insufficient  information  is  presently 
available  to  fully  evaluate  the  dam.     Settlement  does  not 
appear  to  be  a  problem.     Numerous  seepage  areas  were  identi- 
fied.    Most  seepage  appears  to  be  passing  through  the  abut- 
ments or  under  the  dam.     The  phreatic  surface  through  the 
dam  is  unknown.     The  upstream  face  of  the  embankment  is 
deficient  in  riprap  protection  in  some  areas  as  the  riprap 
has  moved  down  the  slope  exposing  erodible  soils.     The  dam 
crest  width  is  less  than  shown  on  the  construction  drawing 
(Sheet  1  of  Exhibit  Dl),  and  there  are  some  depressions 
along  the  crest  which  collect  water  and  provide  a  concen- 
trated source  of  water  for  spillage  over  the  dam  face.  As 
a  result  of  this  spillage,  there  are  erosion  gullies  on  the 
downstream  face.     A  major  erosion  gully  is  located  on  the 
downstream  side  near  the  left  (north)  abutment  contact. 

3.1.5  Geology 

Petrolia  Reservoir  basin  is  formed  in  a  sandy  shale  sequence 
with  5  to  10-foot  sandstone  beds  forming  ledges  throughout 
the  area.     The  valley  section  consists  of  alluvial  deposits 
of  sandy  gravel.     Minor  slope  instability  was  noted  along 
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the  reservoir  shoreline,  but  there  was  no  evidence  of  large 
areas  of  instability  in  the  basin.     Petrolia  Dam  is  located 
in  a  relatively  quiet  seismic  zone  according  to  a  known  dis- 
tribution of  damaging  earthquakes  and  their  associated  inten- 
sities. 

The  only  change  in  the  site  geology  since  the  original  investi- 
gations and  reporting  is  the  grouting  which  was  performed  in 
1952  and  1953,   and  possibly  again  in  the  middle  to  late  1950 's 
(available  information  is  not  conclusive  on  the  second  grouting 
program) . 

3.1.6     Operation  and  Maintenance 

There  are  no  formal  operation  plans  and/or  maintenance 
programs.     The  dam  is  visited  regularly  throughout  most  of 
the  year  by  the  ditch  rider  and/or  water  commissioner  to 
regulate  water  releases.     Regular  project  inspections  are 
performed  jointly  by  the  DNRC  and  representatives  of  the 
local  water  users'  association.     Some  repair  work  has  been 
accomplished  in  the  past,  but  not  all  project  components 
have  been  maintained  or  repaired  when  first  required.  The 
basic  reason  for  the  meager  maintenance  program  and  repair 
efforts  is  the  ever-present  manpower  and  budgetary  limitation. 
A  warning  system  to  alert  downstream  inhabitants  of  dam 
distress  has  not  been  developed. 

3 . 2  Recommendations 

(1)  Immediately  develop,   implement,  and  periodi- 
cally test  an  emergency  warning  plan  for  use  in  the 
event  of  dam  distress.     Combine  this  plan  with  the  one 
developed  for  the  Yellow  Water  Storage  Project. 

(2)  Perform  studies  to  determine  the  reasons  for  the 
spillway  subgrade  deterioration.     Modify  the  spillway 
area  as  studies  indicate  to  prevent  future  deterioration. 
Perform  the  followng  repairs  on  the  spillway:  replace 
and  regrade  the  gravel  and  cobble  material  where 
necessary  in  the  approach  channel;   fill  the  scour  hole 
immediately  upstream  of  the  ogee  crest;   repair  concrete 
along  the  floor  and  walls,   and  at  the  flip  bucket; 
repair  the  concrete  on  the  spillway  walls  near  the 
anchor  bolts  for  the  footbridge;  provide  relief  for  the 
standing  water  in  the  flip  bucket;  and  repair  the 
stilling  basin.     Stilling  basin  repairs  are  detailed  in 
Recommendation  #4.      (See  Appendix  F  for  work  done 
subsequent  to  the  September  1979  inspection). 
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(3)  Perform  the  following  repairs  on  the  outlet  works' 
facility:     apply  corrosion  resistant  protective  coatings 
to  all  gates;   repair  the  gate  seat  on  the  emergency 
slidegate;   repair  cavitation/erosion  areas  on  the  metal 
seat  rings  for  the  emergency  and  operating  gates  in 
control  tower;   repair  the  small   leaks  and  erosion 
points  in  the  concrete  conduit;  repair  the  concrete 
deterioriation  in  the  second  wet-well  chamber  (chamber  • 
housing  the  vertical  turbine  pump);  and  repair  the 
stilling  basin.     Stilling  basin  repairs  are  detailed  in 
Recommendation  #4.      (See  Appendix  F  for  work  done 
subsequent  to  the  September  1979  inspection). 

(4)  Repair  and  replace  riprap  in  the  following  areas: 
along  the  upstream  face  where  the  embankment  has  been 
eroded  and  the  rock  has  moved  downs  lope;   in  the  outlet 
works  stilling  basin  where  severe  undercutting  and 
erosion  have  occurred  in  the  basin  and  where  the  rock 
sidewalls  have  subsided;  and  in  the  spillway  stilling  , 
basin  where  channel  degradation  and  localized  bank 
erosion  have  occurred. 

(5)  Using  suitable  material,   fill  and  properly 
compact  all  depressions  along  the  dam  crest. 

(6)  Install  additional  piezometers  in  the  embankment, 
abutments,  and  foundation  to  evaluate  the  seepage 

•    conditions.     Establish  a  regular  monitoring  program  for 
the  underseepage  and  abutment  seepage.  Particular 
attention  should  be  given  to  periods  when  the  reservoir 
pool  is  relatively  high.     The  results  of  the  monitoring 
program  will  be  used  in  Recommendation  #9. 

(7)  Repair  all  erosion  gullies  on  the  downstream 
embankment  face,  particularly  the  major  gully  along  the 
downstream  side  of  the  left  abutment  contact. 

The  above  recommendations  will  not  make  the  project  safe  but 
will  reduce  involved  risks  while  the  following  recommendations 
with  subsequent  actions  are  being  accomplished. 

(8)  Conduct  more  detailed  hydrologic  and  hydraulic 
routing  studies  to  better  determine  the  downstream 
hazard  and  required  spillway  capacity.  Include 
input  from  the  upstream  Yellow  VJater  Reservoir  in 
these  studies  and  modify  the  project  as  studies 
indicate . 

(9)  Conduct  and  place  on  file,   stability  and  seepage 
analyses  of  the  embankment.     It  is  recommended  that 
these  analyses  be  performed  by  a  qualified  geotechnical 
engineer  and  be  based  on:     static  loading  conditions; 
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in  situ  strength  properties  of  the  embankment,  foundation, 
and  abutment  materials;  and  phreatic  surface  conditions. 
Establish  the  material  strength  properties  by  drilling 
and  sampling  with  laboratory  testing  as  appropriate; 
and  obtain  the  phreatic  surface  by  evaluating 
the  results  of  the  piezometer  monitoring  program. 
Modify  the  project  as  studies  indicate. 

(10)  Monitor  the  bank  erosion  and  sloughing  on  the 
left  stilling  basin  wall  of  the  spillway  and  perform 
the  necessary  rehabilitation. 

(11)  Determine  whether  the  cutoff  wall  on  the  spillway 
crest  contacts  bedrock,  and  assess  the  possibility  of 
flow  passing  under  the  cutoff. 

(12)  Conduct  periodic  inspections  by  qualified 
engineers  at  least  once  every  five  years  to 
determine  whether  there  are  any  deficiencies  in 
the  condition  of  the  project,  to  assess  the 
adequacy  and  quality  of  maintenance,  and  to 
evaluate  methods  of  operation.     Include  an 
inspection  of  all  conduits  through  the  embankment. 

(13)  Develop  and  implement  a  periodic  maintenance 
plan  for  the  dam  and  appurtenant  structures. 

Prior  to  performing  engineering  studies  and  remedial  con- 
struction, the  project  operator  should  coordinate  the  work 
with  the  Montana  DNRC,   Dam  Safety  Section,   to  insure  compliance 
with  all  pertinent  laws  and  regulations. 
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PETROLIA  DAM  . 
INSPECTION  PHOTOS 


Photo  No.  1  -    The  Reservoir  Basin 

Standing  on  the  dam  crest  looking  westerly  toward  the  upper 
end  of  the  reservoir. 


Photo  No.  2  -    The  North  Shoreline  ' 

Bedrock  is  exposed  near  the  high  water  elevation.  Overburden 
soils  are  standing  near  vertical  above  the  bedrock. 
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Photo.  No.  4  -  Dam  Crest 

Standing  at  the  left  abutment  contact    looking  south  along 

the  crest.  Notice  the  crest  turns  westerly  near  the  center 

of  the  dam.  Valve  control  house  is  in  the  left-center  of 
photo. 
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Photo  No.  5  -    Dam  Crest. 

Looking  north  toward  the  left  abutment.    The  pump  and  control 
structure  for  the  low-line  irrigation  canal  is  located  near 
the  downstream  toe  at  the  left  abutment.    Low-line  canal  is 
near  vehicles;  high-line  canal  is  visible  above  structure  and 
vehicles. 


Photo  No.  6  -    Oversteepened  Upstream  Slope. 

In  some  places  the  riprap  on  the  upstream  face  has  been 
undercut  by  runoff  and  the  material  has  slid  down  leaving 
the  slope  exposed  and  oversteepened.    This  may  also  occur 
during  high  water.    Notice  small  debris  accumulations. 
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Photo  No.  7  -    Riprap  on  Upstream  Face. 

The  riprap  is  predominantly  a  laminated  sandstone.  Normal 
high  water  mark  is  visible. 


Piioto  No.  8  -    Riprap  Deterioration. 

The  riprap  is  a  laminated  sandstone  with  a  mean  size  of 
about  12  inches.    At  the  lower  elevations,  this  material 
is  weathered.    The  sandstone  is  becoming  rounded  and  lami- 
nations are  breaking  off.    Presently,  the  riprap  is  adequate. 
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Photo  No.  9  -    Riprap  on  Upstream  Face. 

Picture  taken  of  the  south  end  of  the  upstream  embankment 
face.    Notice  the  sparcity  of  riprap.    Considerable  vegetation 
has  grown  around  the  riprap. 


Photo  Mo.  10  -  The  Upstream  Slope. 

Looking  northeasterly.    The  upstream  slope  is  composed  of 
natural  gravels,  clay,  and  bedrock.    Notice  the  structure 
housing  the  gate  controls  near  the  left  abutment  on  the 
main  embankment  (see  arrow). 
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Photo  No.  11  -  Downstream  Face  and  Groundwater  Monitoring 

The  dam  embankment  is  on  the  left  in  this  photo  with  the 
toe  of  the  fill  near  the  white  plastic  groundwater  monitoring 
pipe.    The  natural  slope  continues  to  the  right.    The  bush 
identified  with  the  arrow  is  also  shown  in  Photo  No.  13. 


Photo  No.  12  -  High  Groundwater  Due  to  Seepage 

First  of  a  3-picture  series  of  the  downstream  embankment 
face.    Notice  the  fill  portion  and  the  natural  soil  portion 
of  the  slope.    Groundwater  is  high  in  this  area  as  a  result 
of  seepage  through  the  natural  material. 
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Photo  No.  13  -  High  Groundwater  Due  to  Seepage 

Second  in  a  3-picture  series.  The  bush  identified  with  the 
arrow  is  also  shown  in  Photo  No.  11. 


Photo  No.  14  -  High  Groundwater  Due  to  Seepage 

Third  in  a  3-picture  series. 
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Photo  No.  15  -  Seepage 

Seepage  is  exiting  on  the  bank  up  to  an  elevation  identified 
by  the  line.    This  bank  is  located  about  100  to  200  feet 
east  of  the  embankment  and  directly  south  of  the  area  iden- 
tified in  Photo  No. 's  11-14. 


Photo  No.  15  -  Spring  Activity. 

A  small  boil  is  shown  here  located  in  the  creek  channel 
about  300  feet  east  of  the  embankment  near  the  area  iden- 
tified in  Photo  No.  's  11-14. 
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Photo  No.  17  -  Surface  Erosion  on  Dam 

Local  water  accumulations  on  the  crest  of  the  embankment 
ponds  in  the  road  (right)  and  runs  downslope  to  the  left 
(see  arrow).  Small  erosion  channels  have  been  formed  in 
these  areas. 


Photo  No.  18  -  Downstream  Channel  and  Valley 

The  valley  floor  is  wide  and  relatively  deep.    There  are 
numerous  trees  and  bushes  on  the  valley  floor.    The  con- 
fluence of  the  outlet  channel  (foreground)  and  the  spill- 
way channel  is  identified  by  the  arrow. 
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Photo  No.  19  -  Downstream  Valley 

Looking  northeast  from  the  embankment.  The  spillway  return 
channel  is  shown  in  the  foreground. 


Photo  No.  20  -  Outlet  Works  Control  House  and  Return  Channel 

Standing  at  the  left  abutment  contact  looking  at  part  of 
the  downstream  face  of  the  dam  and  the  structure  housing  the 
gate  controls.    Return  channel  is  shown  in  left-center  of  photo, 
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Photo  No.  21  -  Leak  Under  the  Emergency  Gate 

There  is  a  leak  in  the  seal  at  the  base  of  the  emergency 
slide  gate.    Some  corrosion  of  the  gate  is  visible. 


Photo  No.  22  -  Operating  Gate  and  Guides 

The  operating  gate  has  experienced  moderate  corrosion.  A 
slide  guide  is  visible. 
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Photo  No.  23  -  Irrigation  Sump  Control  Gate  for  Low-Line  Canal 

This  gate  has  experienced  a  significant  amount  of  corrosion. 
The  ribbing  is  weak  and  the  metal  is  flaking. 


Photo  No.  24  -  Operating  Gate 

This  photo  shows  pitting  of  the  iron  pipe  inside  the  conduit 
just  below  the  operating  gate. 
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Photo  No.  25 


Operating  Gate 

This  photo  shows  pitting  of  the  iron  pipe  inside  the  conduit 
just  below  the  operating  gate. 


Photo  No.  26  -  The  Outlet  Conduit 

The  standing  water  in  the  conduit  is  the  result  of  differ- 
ential settlements  or  poor  construction  quality  control. 
The  conduit  is  concrete.    The  concrete  joints  have  been 
filled  and  sealed. 
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Photo  No.  27  -  Hole  in  the  Irrigation  Sump  Structure  Wall 

The  depth  of  the  hole  could  not  be  determined.  A  piece 
of  rebar  is  exposed  in  the  hole. 
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Photo  No.  29 


Photo  No.  30 


Scour  at  the  Outlet  Structure 

The  outlet  structure  has  been  undercut  approximately  3  feet 
in  the  stilling  basin  area.    The  stilling  basin  has  some 
large  riprap,  but  the  mean  size  is  about  12  inches. 


Cutlet  Structure 

The  stilling  basin  is  riprapped;  however,  the  riprap  appears 
small  and  scattered.    The  stilling  basin  is  fairly  deep  due  to 
scour.    Notice  the  normal  operating  water  surface  line  along 
the  rock  banks . 
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Photo  No.  31  - 


Outlet 
Notice 
stream 


Return  channel 

the  irregular  geometry 

of  riprap  terminus  (at 


and  small  scour  hole  down- 
pump  discharge  point). 


Photo  No.  32  -  Low-Line  Irrigation  Canal  Outlet 

The  structure  housing  the  pump  and  controls  is  identified 
in  Photo  No.  5.    Notice  the  channel  is  lined  for  a  short 
distance  with  concrete,  then  riprapped.    A  staff  gage  is 
located  on  the  metal  post  shown  in  the  foreground. 
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Photo  No.  33  -  Spillway 

Standing  in  the  approach  channel  looking  east  over  the 
spillway  crest.    A  foot  bridge  extends  over  the  spillway. 
Notice  the  scour  holes  on  the  upstream  side  of  the  crest. 
Also,  notice  the  vertical  walls  in  the  return  channel. 


Photo  No.  34  -  Spillway  Crest 

The  spillway  has  a  concrete  ogee  crest.    Scour  holes  up-    '  - 
stream  of  the  crest  are  shown.    The  crest  appears  in  good 
condition.    Some  pitting  is  evident  on  the  pier. 
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Photo  No.  35  -  Concrete  Deterioration  in  the  Spillway 

The  concrete  in  the  spillway  channel  is  deteriorating. 
Rebar  is  exposed  and  the  metal  water-stop  has  been 
destroyed. 


Photo  No.  36  -  Spillway  Chute  and  Stilling  Basin 

First  of  a  3-picture  series.    The  photo  shows  scour  in  the 
stilling  basin  and  d/s  channel.    Notice  the  seepage  on  the 
channel  wall  up  to  about  10  feet  above  the  bottom  of  the 
channel. 

National  Dam  Safety  Program 
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Photo  No.  37 


Spillway  Chute,  Stilling  Basin  and  Return  Channel 
Second  of  a  3-picture  series.  Notice  the  channel 
downstream.    Riprap  below  the  chute  is  limited. 


erosi  on 


Photo  No.  38  -  Spillway  Chute,  Stilling  Basin,  and  Return  Channel 

Third  in  a  3-picture  series.  Notice  the  channel  erosion 
and  vertical  banks. 
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Photo  Mo.  39  -  Spillway  Lip  and  Scour 

The  concrete  spillway  has  been  undercut  in  the  stilling 
basin  area.  Notice  the  concrete  cracking  near  the  lip, 
and  the  ponding  water  inside  the  lip  or  sill. 
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Exhibit  D1  Construction  Plans 

Exhibit  D2  Dam  Crest  Prpfile  (Oct. 

Exhibit  D3  Measured  Embankment  Slop 

(Sept..  1979) 


I 


.-•5-  .    . />  <-•'  ;■'' i'l^  ■,     "  i'r\iJ'^'i^  ' 

1      ■  «  •  I .  .1  i \t.i-  .  I  I  II  *  -- 


K 

1 


1 

y  jo 

5 


I 

.»  ■ 

1 

«  1  • 

1 

5 

4.  ' 


»  * 

i  ? 

•J 


 nJh  t 

-I. I. :-  j  ;  L  j-.;  ffi  * 

>        I,-.  vl>  .-i.-v    ii         ►  ^ 


L-tt 


1  — 


\  1 


-1-  ■  ■•  * 


M  II 


8  i 


4-  ^ 


.1 


L  ..' 


...  J  f 

i 

4 

'i 

J 


r  V 


^1 

( \ 


7^ 


4 


I- 

u. 

I 

% 
o 

i 

m 
_i 

UJ 


110- 


105- 


100- 


<?0- 


T  PIPE   EL.  100. 3fc 


PE2-  VY  E.LL  »  2 


NOTES : 

I.  Elevations  bosction  spilltuo.!^   crett  eleva-- 

tion    -    102.0  ft^os  sKou^n  on   consttuction  droysingt. 
L).  S.G .  S  '    ^  li  a.  d    in<k.p    sKouj&  spilluLiaij 
el«vation=  ft  m*l» 


2.  5tationir*g  shc'u;n    is^  not  e<^uiviloot  stu+n 
con  s+rxjct*!©  n    draM^mga  • 


n 3  on 


es- 


se 


rP,PE  eu7S.S3  ^^^^  ^3 

'  GROUND  t-l  .  76. 6£  J 


OtOO  3tOO 


I  I  I  I  I 
fefOO  ItOO 


fT  PIPE  EL.  7H.qt 
/  (&KOUND  EL.  1H.75 
I       I     <  I       I       I       I       I  I 
iStOO  I5t00  I8f00 

STATION  -  FT 


E/HIBiT  D2 

PROFILE  AL0N6  CREST  t 
PETROLIA  DAh 
HKM  ASSOCIATES 
7MI^0.IO6 
OCT  16,  197^ 


I  I 


I  I 

an.  00 


I  I 

Zl<-00 


I     I  I 

30tOO 


I       I       I       I  I 


HKM  ASSOOATES  COMPUTATION  SHEET 


By 

DRC 

Date 

Chkd  by 

Date 

Project  No. 


Sheet    /    of  Z 


Name 

l>ETROLlA  DAM 


Details  Feature 

Station- Eievaiion  T^b<^iaiior-)  Crest 


 i  i  I- 


Station^    f  El^valibr^ 


...D..es,.c-t. 


I. on 


P-kOO 

I      j  i 


I  i..r.i,,...5;B..4  1,  lB.MJfeJ-,5|/8'*;Hebfti  SetLi.(fclj>i£eid:._kf4?^4^   , 

 {.......4  :|  I  :..)  !  thei  3outh  t|a4K-i...c4  c4.a|i  thcld,icari4 

 l!!}±:S,S„i  .J  |Llli«.7i£...,j.  „.,!  „..jEnJcl  islop^  io£;..x.£ix5uH.^ 

 |L±13J  1  iJ.m.'B  I  '   —   -  ^  ^    -  ■  ^ 


4n  jiJQ  iB.„|l>- 


^  Be 5 in  i,.d.Q.rr| 

feot.  of  me^a  I  si  dvri^  ^  S  VVl  icotiier.  o^^^ 

n£u£ 


 l-J,.XO.  /   

 i,  1 1  I  k  1  u  ,  

1         111"  ^1 

14 -nan- 

 1  u,il..i^,.,.i  

..JSlHfo  

 j  2,:.;  

,„,.4i.,.fcO,E  

 1   

 IfciSl  

 1  

 Qt58  ... 



 !.8t!M.:  

 l  !Li..j.i,  

jl  J  lL  S"! 


I  i 


■i  I 


-4- 


ISB  1  1  1.1,,^... "2.2...  j    EXz.,..XMrp-^t^-^.  |»runiLs£  .,d.jcixu  .  k..A,i,S,...„..t. 


ill. 

liJ. 


J3.+„..18l 
.„.t.^..it7iJ..: 

L  \H.±mj... 


.11  E.Ol 


 J5;t89    I  iiii.^e^ 

 ;[b...tfc.H,a.,  L  liie.  10 


i  i 

ii 

I 

-4-- 

j 

1 


j — ; — i 

ii'''ril 


...j  


•■.i  


 — ■ 


■1  - 


„4„ 


„.l  i  


EXHiBlT  DZ 


HKM  ASSOCUTES  COMPUTATION  SHEET 


By 

PRC- 


Chkd  by 


Date 


Date 


Project  No. 


Sheet  Z  of  Z 


Name 

PETROLlAt  DAM 


Details 

SIcLfion-  E'lgygi'inA  To iDulQ^i'tfc^ 


Feature 

Cres-t-  SurvPL| 


 I  


Std+iicai  !„„..E.i€!va±ikr)l  1  1..:  iD.ieidtjifdbLi!j^ 


 f 


<3£l  dia  rh  (X  m  is 


jEJi±..y..i  I, 


zi.^ik:)  I  :  i\L& 

Il2.91i  |. 


„^a.i:5^l  1 


j  ! 


....  


... ''  .„ 

,S  j, — 


 ].._ 


f  i 


 :.(  uz^lx  

 ja.H,.,tS-S 

'  1  Ha.,0..4: 

.....M.±..S.2. 

 j  l  

 ].,  lit.  00  : 



,.  1  :ipa.c>o:  

 Ii2,.,tl^„. 

 1  ixz^. 

^  i  1.1. USD:, 

 Ls.i±,-^.a,_ 

 j.„  \\Z.0[  . 

 aHi±.,'^.^^. 

 1  :i.i^..07  

„  S£*.±.S5 

 i  Lia-ss":  

....iH.;  oum^..  *yjii!.,„Spjk..U-,W,a.y..j  PX^J^,rr|u(ij.  pfei.Qjt,,clQ.  r\  L..a.j)C..i...i  j  


.4  .   I  

 1 

..'..--....J  i 


■A  


fro 


EXHIBIT  D2 


V- 
c/t 

oi 
O 


UJ 


O 

1 

cvi 

O 

0) 

oO 

O)  oO 


cu  lO  ^  LQ  <^ 


•< 

o 

Co 

CO 

v. 

5 

Q 

UJ 


5 
< 


o 


CO 

a: 


1-^ 

s 

1 

QO 

CO 
o 


0 


APPENDIX  E 


PETROLIA  DAFl 
ENGINEERING  DATA 


Reservoir  Elevation  -  Capacity  Table 
Reservoir  Elevation  -  Capacity  Curve 
Discharge  Rating  Table 
Discharge  Rating  Curves 


EXHIBIT  El 
RESERVOIR  ELEVATION-CAPACITY  TABLE 
PETROL lA  DAM 


Reservoir  Elevation-ft  Reservoir  Capacity-acre-f t 

Dead  Storage      Active  Storage 


fifl 

D  U 

0  0 

70 

370  0 

75 

420 

80 

1,166 

85 

2,307 

90 

:  3,840 

95 

5,822 

100 

8,182 

102 

9,192 

109 

12,528 

112 

13,966 

EXHIBIT  E3 
DISCHARGE  RATING  TABLE  • 
PETROLIA  DAM 


Reservoir  Outlet  Works  Spillway  Total 

Elevation  Discharge  Discharge  Discharge 

(ft)  (cfs)  .  (cfs)  (cfs) 
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APPENDIX  F 


PETROL I A  DAM 
CORRESPONDENCE 


DEPARTMENT  OF  NATURAL  RESOURCES 
AND  CONSERVATION 


WATER  RESOURCES  DIVISION 


THOMAS  L.  JUDGE.  GOVERNOR 


(406)449-2872 


STATE  OF  MONTANA 


HELENA.  MONTANA  59601 


32  SOUTH  EWING 


October  29,  1980 


Department  of  the  Army  ' 
Seattle  District,  Corps  of  Engineers 
P.O.  Box  C-3755 
Seattle,  WA  98124 

Attn:     Ralph  Morrison 

Re:  HKM  Associates  Dam  Safety  Inspection  Report  on  Petrolia  Dam  (MT-8) 
Dear  Ralph: 

We  have  reviewed  the  above  referenced  final  draft  report.     We  concur 
with  the  findings  and  recommendations  and  find  that  is  satisfies 
the  criteria  of  the  Phase  I  report. 

Minor  editorial  comments  have  been  discussed  with  your  staff,  and 
we  understand  these  will  be  incorporated  in  the  final  report. 

Enclosed  is  a  copy  of  the  letter  that  the  Petrolia  Water  Users 
Association  sent  to  us  with  their  comments  on  the  inspection 
report. 

At  the  present  time,   the  reservoir  is  being  drained  so  that  the 
inlet  and  upper  portion  of  the  outlet  pipe  can  be  inspected  during 
the  week  of  November  3,   1980.     HKM  Associates  have  been  informed 
of  the  inspection  and  may  send  a  represenative  to  attend  the 
inspections,  if  not  they  will  be  informed  of  the  findings. 

Thank  you  for  this  opportunity  to  review  and  comment  on  the  final 
draft  report  on  Petrolia  Dam. 


Sincerely, 


Arthur  D.  Taylor 
Dam  Safety  Engineer 
Engineering  Bureau 
(406)  449-2864 


AT/lj 


EQUAL  OPPORTUNIiy  EMPLOYER 


/ 

'li:'  ■  ■  ■ 


ME    BER  OF  MONTANA  WATER  USERS  ASSOCIATION 


/ED 


PETROLIA  WATER  USERS  ASSOCIATION 


■  1'J80 


PETROLEUM  COUNTY  !/,U:l[ 

Hi  v->;-rrr" 

Winnett,  Montana  59087 


.  "I 


October  2^,  I98O 


Arthur  D.  Taylor 
Dairi  Safety  ilngineer 
Engineerlag  Bureau 
Helena,  Montana  596C1 

Dear  'Mr- 

The  Petrolia  Water  Users  Association  Board  of  Directors  have  reviewed 
the  "hase  T  Inspection  report  ami  thia  is  what  ha?^  "been  done. 

Cn  or  about  the  ?Oth  of  May  1970  100  yarda  of  rip  rap  was  put  on  the 

f^outh  eni  of  the  dp.-n. 

Tn  Tctoi-'er  of  I070  we  openel  up  the  spillway  an4  -out  approximately 
'4^  yard??  of  ^pravel  un^ler  the  a-nron,  th«n  seale<^  and  ifrouted  the 
eypansion  .jointa.        also  dug  down  aheaA  of  the  ."Spillway  crest  to  see 
if  the  v.-ater  was  gattin.?  through  an4  under,  hut  there  wan  no  ^xg^  of 
th'i  r^a-ne,  then  the  r^pillway  throat  was  leveled.  There  was  approximately 
->p  yards  of  rip  rap  put  in  by  the  nauth  wiij  of  th;  t^pill^r-iy  in  ^""ay  of 


The  lower  creek  turnout  g;ate  control  ;^ed.er^ta.l  Wc!,:i  rfipaired    '.1;  Ju?y 


■/l:t  Itu  -':t   Water  Users  Board  of  Directorr  di'^a:;rsar  ,vit'i  Ibfr.c  T 
ini.^  ■■  c;ti- a         -'u  by  HV^.  Associates  in  that  if  there  was  a 

spillway  of  the  proportion  that  they  say  is  needed,  tht;re  would  be  a 
hazard  to  th'?  people  livin^^  below  the  dam  the  same  as  they  talk  of  no. 


Potrolia  Water  Upgrs  A.=.sociation 


7 


o 


Sec. 


MEMORANDUM 


December  5,  1980 


TO: 


The  Record 


FROM: 


Art  Taylor 


Dam  Safety  Engineer 
Engineering  Bureau 

RE:       Dam  inspection  at  Petrol ia  Dam  (MT-8)  on  November  12,  1980. 


Participants  .  ' 

Glen  McDonald  -  DNRC  '  . 

Art  Taylor  -  DNRC  '     '  - 

Jerry  Bohn  -  Petrol ia  Water  User 

Clinton  Hassett  -  Petrol ia  Water  User 

On  November  12,  1980,  we  tried  to  inspect  the  upper  end  of  the  conduit 
at  Petrol ia,  but  we  could  not  enter  the  conduit  due  to  high  flows; 
about  70  to  100  cfs.    Approximate  water  surface  when  we  arrived  was  at 
elevation  50.00  local  datum.    All  elevations  are  relative  to  the  top 
of  concrete  in  the  gate  house  being  112.49.    The  top  of  the  trash  rack 
is  at  about  elevation  59.63.    The  invert  of  the  inlet  is  at  about  ele- 
vation 51.88.    This  compares  with  the  plans  showing  the  top  of  the 
trash  rack  at  elevation  59.75  and  the  invert  at  elevation  53. 

Upstream  cross-sections  were  developed  for  a  section  along  the  approxi- 
mate axis  of  the  pipe  and  for  a  section  near  the  fence,  which  was 
assumed  to  be  the  typical  section.    (See  attached).    There  are  a 
number  of  scarfs  on  the  upstream  face  caused  by  wave  erosion,  especially 
near  the  inlet  area,  which  may  distort  the  sections  somewhat.  (See  Photo 


Shown  of  the  cross  sections  of  the  upstream  face,  the  riprap  is  over 
steepened  and  should  be  re-shaped  and  the  riprap  properly  bedded. 

A  line  of  levels  was  also  run  from  the  gate  house  to  the  outlet  with 
the  top  of  the  head  wall  being  elevation  59.16  and  the  top  of  the  silt 
in  the  invert  being  at  elevation  52.55.    The  plans  call  for  the  top  of 
the  head  wall  to  be  elevation  59.5  and  the  invert  to  be  at  elevation 
52.0. 

When  we  arrived  at  the  dam  we  observed  that  there  was  water  still 
covering  the  outlet  and  upon  examination  it  was  observed  that  the  trash 
rack  was  plugged  with  debris  with  the  exception  of  about  one  square 
foot  of  surface  area.    Attemipts  to  block  this  area  so  that  the  water 
could  be  stopped  from  entering  the  pipe  failed.    We  proceeded  to  clean 
the  debris  from  the  trash  rack  and  remove  debris  to  about  elevation 
54.0  which  is  below  the  trash  rack  crossbeam. 


1.  2). 


Page  Two. 


Flows  seemed  to  decrease  some  so  that  about  the  upper  half  of  the  pipe 
was  visible.    The  portion  of  the  pipe  and  inlet  that  were  visible  appeared 
to  be  in  good  physical  condition  with  only  minor  rust  and  corrosion 
visible. 

The  inlet  canal,  from  the  original  streambed,  to  the  inlet  structure, 
was  visible  but  became  well  defined  once  the  trash  rack  had  been  partially 
cleaned  and  the  silt  that  had  built  up  in  the  canal  started  moving  through 
the  outlet. 

The  operating  gate  in  the  lower  tower  binds  and  is  very  difficult  to 
operate.    There  are  3  or  4  bends  in  the  stem  which  constricts  operation. 
We  were  only  able  to  open  the  gate  Ih  to  3  feet  out  of  a  possible  5  feet. 
This  condition  should  be  corrected. 

Recommendations  •  •  • 

1.  The  gate  stem  in  the  lower  gate  tower  should  be  repaired  so  that  it 
can  be  fully  opened. 

2.  The  riprap  on  the  upstream  face  should  be  re-shaped  and  properly 
bedded. 


Petrol la  Dam 
November  12,  1980 


Photo  1.  Upstream  face  of  the  dam  from  above  the  inlet. 
(Note  beaching  and  scarfs). 


Photo  2.  Upstream  face  from  the  left  abutment.  Inlet  is 
in  the  lower  right  portion  of  the  photo. 


Petrol  1  a  Dam 
November  12,  1980 


Photo  3.  Part  of  the  reservoir  area  on  north  abutment  look- 
ing west. 


Photo  4.  Part  of  the  reservoir  area  near  the  inlet  (near 
center) 


Petro 1  a  Dam 
November  12,  1980 


Photo  5.    Part  of  the  reservoir  area  looking  towards  the 
southwest.    The  Diversion  Dike  used  for  construction  is  near 
the  center. 


Photo  6.  Looking  at  the  inlet  upon  arrival.  Hote  debris  at 
water  level  on  the  inlet  structure. 


Petrol i  a  Dam  ■ 
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Photo  7.    Inlet  structure  prior  to  cleaning  debris. 


Photo  8.    Inlet  and  trash  rack  after  debris  removed. 


Petrol i a  Dam 
November  12,  1980 


Photo  10.    Inlet  channel  after  the  trash  rack  was  cleaned. 


Petrol i a  Dam 
November  12,  1980 


Photo  11.    Additional  photo  of  the  inlet  structure.  Note 
debris  against  the  head  wall  on  top  of  the  trash  rack. 
Arrow  points  to  where  water  was  draining  into  the  outlet. 


